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SURFACEGEOLOGY--REPORTOF PROGRESS.
"1894.

BY ROLLIN D. SALISBURY.

PREFACE.

During the summer of 1894 I spent about three months in the
_eld. During the season I bad the assistanee of Messrs. H. B.
K_mmel, C. E. Peet and G. N. Knapp. Mr. Pect was in the field
about three months, and Messrs. Kiimmel and Knapp about five
months each. Work was carried on both in the northern and south-

ern parts of the State. The areal work in the glaciated area was
completed, and good progress was made in the region farther south,
especially in the western part of the State, in ],fereer, Burlington
and Monmouth counties. A map accompanying this report indi-
catee the extent of territory in which work has been virtually com-
pleted sofarasthesurfacegeologyisconcerned.
The areathusfarcoveredhasbeenstudiedinmuch detail.Fur-

lherwork of thesamesortneedstobedoneinthesouthwesterncor-

ner of Burlingtoncountyand in westernGloucester,Salem and
Cumberlandcounties.Itisnotnow thoughtthatitwillbenecessary
orwisetostudythetimber-coveredareaof thesoutheasternpartof
_heStatein similardetail.In thefirstplace,therearesofewex.
pceure_and availablesectionsthattherecouldbe butpoorreturns
from exhaustivestudy.In thesecondplace,theregionis not of

suchimportance,fromtheeconomicstandpoint,astowarrantgreat
expenditureinthestudyof itssurfacegeology.In thethirdplace,
itisbelievedthatthegeologicalquestionsinvolvedinthisareawill
belargelysettledwhen thestudyof itssurroundingshasbeencom-
pleted.It is true that there are various limited areas within the

t3)
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4 ANNUAL REPORT OF

timber.covered region which are of much importance,and which wil}
repay careful study ; to these attention will be given.

The field work of the season emphasized the importance of the
point referred to in my last report concerning the considerable influ-
ence of stagnant ice upon the deposition of the stratified drift of the
valleys of the northern part of the State. This topi%briefly referre6_
to in my last report, is now presented in greater detail in connection
with the stratified drift of the glaciated region.

The work of the season tended to confirm the correctness of the

general position already taken concerning the history of the yellow
gravel formations. The Pensauken and Jamesburg formations are
more fully described, and their relations more fully set forth in this
report. The study of these formations has brought to light import-
ant information regarding the supply of material for the construction,
of roads, and further study will do more in the same line. It wil_
be a part of the purpose of further work to make information on this
Point available. It is evident that many portions of the southern,
part of the State have an abundant supply of road material of higl_
grade. Some of it is of such a character as to fit it for immediate
application. _,[ore of it is of such a nature that a considerabledegree
of intelligence in its handling is necessary, in order to secure the best
results. It is probable that a little experimentation upon the best
methods of handling and combining various materials would wel|
repay the cost involved.

NEW JERSEY GEOLOGICAL SURVEY
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SECTION I.

DRIFT DEPOSITS OF NEW JERSEY NORTH OF THE
MORAINE--OUTLINE SKETCH.

Geography of northwestern New gersey.--A few words concerning

the general geographical relations of this area may well precede the
_summary of its drift. Near its western border lies the Kittatinny
_nountain, which consists of an even-crested ri'dge to the south, and a
narrow rolling plateau to the north. Eight or ten miles east of the
Kittatinny range is the highland area of the crystalline schists. Be-
tween these elevations, and bounded by them on the northwest and
-southeast respectively, lies the broad depression known as the Kitta-
_inny valley. Roughly speaking, the Kittatinny valley may be said to
be about 600 feet lower than the Kittatinny mountain on the west,
and about 450 feet lower than the crystalline schist highland on the
.east.

The even.crested Kittatinny range, and the mountains of the high-

land region east of the valley arc not mountains produced by the
folding of the strata of which they are composed. Their structure
and their relations make it certain that they are the remnants of a
,plateau which was once continuous over the Kittatinny valley, from
_he highlands on the east to the mountain range on the west.

At the beginning of its history, so far as it can now be read, the
_urface of this plateau was not altogether plane. It had a relief of
.one, two, or even three hundred feet. Nevertheless it approached
planeness.

The structure of the rock underlying this old plateau is such as to
demonstrate that its surface was produced by the degradation of a
still older and higher surface. This degradation is believed to have
,been effected by streams, which had so far widened their valleys, and
so far obliterated the inter-stream ridges as to have developed the
-sort of surface referred to above. Such a surface has been called a

peneplain. Peneplains of this type are developed only at low
altitudes.

In the development of this peneplain, the softer rocks were worn
<lown more readily than the harder, and the latter occasioned the

NEW JERSEY GEOLOGICAL SURVEY



6 ANNUAL REPORT OF

swells which stood above the general level, giving rise to the relief of
the surface, and constituted the whole a peneplain, as distinct from a
base-level plain. High Point was one of these unsubdued remnant_
of the earlier and higher land surface. This peneplain of north-
western New Jersey has been named by Davis the 8chooley pene-
plain,* from the remnant of it which still remains as &henley
mountain.

The elevation of this peneplain transformed it into a plateau.
During the slow transformation of the peneplain into the plateau, the
gradient of its streams .wasincreased, and with increased energy they
set to work to carve out valleys in the surface of the plateau. The
softer formations--the limestone and the shale--yielded to the agen-
cies of surface degradation much more readily than the crystalline
schists or than the hard conglomerates of the Kittatluny mountain.
The result was that surface drainage lowered the surface of the lime-
stone and shale much more rapidly than it lowered the adjacent sur-
faces of crystalline schist aud Oneida conglomerate. Along the belt
where the former come to the surface, there was developed a breac_
plain several hundred feet below the level of the plateau on either
hand. This broad plain is the Kittatinny valley, where no trace of
the 8chooley peneplain remains. On the harder rocks on either side
of this broad valley, erosion made so much less rapid headway that
the Schooley peneplain level is still represented along the even crests.
of the mountains, and on the level-topped inter-stream areas at higl_
elevations.

After the broad Kittatinny valley plain had been developed, the
region suffered further uplift. This uplift gave the streams greater
fall, and so increased their vigor. In the surface of the Kittatinny
valley plain thus elevated, they carved new and deeper valleys_
through which the streams of that region now flow.

The Green Pond mountain range is in all ways comparable to the
Kittatinny mountain in its general relations and in its geographic
history. Like the latter, it is an erosion remnant of the Sehoole)_
peneplain. Because it resisted erosion more effectively than the for-
mations immediately adjsceut to it on the east and west, it is believed,
to have stood somewhat above its surroundings when the peneplain.
was at its best.

*DavL_, "The Gel_graphic Development of Northern _New Jersey." Proc. Bos-

ton Society of Nat. Hist., Vol, XXIV. page 365.
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THE STATE GEOLOGIST. 7

Either the Schooley peneplain was not flat, or subsequent uplifts
have not affected all parts of it equally. This is shown by the fact
that the crest of the Kittatinny mountain has an elevation 100 to 200

feet greater than that of the highland area to the east, while the
eastern part of the highlands is not so high as the western.

Three cycles of erosion with intervening uplifts are thus clearly
indicated in the northwestern part of the State. The first cycle

developed the Schooley peneplaiu_ of which the Kittatinny mountain
and the higher parts of the highland east of the Kittatinny valley
are remnants. The second cycle followed the uplift of the Schooley

peneplain, and develol:ed the broad Kittatinny valley several hundred
feet lower than the surface of the uplifted peneplain, At the same
time narrow valleys were cut on the Kittatinuy mountain and in the
highlands east of the valley. The third cycle of erosion followed a
second uplift. During this cycle the sub-valleys _f the great Kitta-
tinny valley, such as those of Clove river, Fapakatlng creek, Paulins
kill, &c., were developed.

The second cycle of erosion was short as compared with the first,
and its work was far from complete when interrupted by the uplift

which inaugurated the third cycle. The third cycle had proceeded
less far than the second when interrupted by the advance of the ice of

the glacial period. The work which has been accomplished since the
disappearance of the last ice sheet may be regarded as a continuation
of the third cycle. The amount of erosion accomplished during this
cycle since the ice disappeared is trivial, when compared with that
which had been accomplished during the same cycle before the advent
of the last ice sheet.

The gorge which the Delaware river has cnt through Kittetlnny
mountain at the Water Gap is the work of the Delaware river
during the second and third cycles. It is sometimes cited as a won-
derful example of the erosive power of a river, and it certainly is an
"impressive and majestic feature of the landscape of Sussex and
Warren counties."* But to one who understands the topography of

this region, the long, even crest line of Kittatiuny mountain, stretch-
ing away for miles to the north, and the almost equally even crest
line of the highlands seen in the distance across the valley to the east,
tell of a lapse of time, and of an amount of erosionsbeside which the

C. C. Vermeule_ Geological Survey of New Jersey, Voh I, "Report on Topo-
graphyj" p. 122.
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8 ANNUAL REPORT OF

gorge of the Water Gap seems paltry and m_au. The former tell of
whole plateaus of mountainous elevations reduced to a peneplain near
the level of the sea, whereas the latter tells merely of the cutting of
a narrow gorge through a single mountain ridge.

A. DRIFT DEPOSITS WEST OF GREEN POND
MOUNTAIN.

I. THE UNSTRATIFIED DRIFT--TILL.*

Within the area defined above, the drift on the uplands, including
the principal slopes as well as the summits, is usually till (ground
moraine), while the drift in the valleys between the uplands is very
generally stratified. Throughout the whole area, the intimate rela-
tionship between the character of the drift and the subjacent rock
is well illustrated. The close dependence of the former upon the
latter is more conspicuous where the till is thin than where it is
thick. In a rough sort of a way the degree of dependence may be
said to be inversely proportional to the thickness of the drift. To
this general statement there are certain apparent exceptions, one of
which is sometimes rather conspicuous. Throughout those parts of
Sussex and Warren counties which lie east of the Kittatinny rsouu-
tam, the bowlder_ are very largely from the Oneida aud Mediua
formations, while the underlying rock is Hudson River shale and
Trenton limestone. The abundance of foreign bowlders in this re-
gion is to be accounted for by the fact that the Oneida and Medina
formations are much harder than the Hudson River and the Trenton,
and the rock masses from the harder formations were able to suffer

much wider transportation without destruction than those from the
softer.

In a general way it may be said that the till is more strictly local
in character than the stratified drift of adjacent valleys. This is not
to be interpreted as meaning that the local formations have not made
their contribution to the stratified drift. This they have done in all

cases. As the stratified drift along any valley passes from one forms-

The fi):lowlng generalized ,,tatement_ are based in large measure upon the work

tJf?,Ir, it. B. K :mmeI, wh,) h:L_also rendered important assistance in the prepara-

tion ot'_hl, n,p,,rt,
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`tion to another, the new formation shows itself promptly in the sand
_andgravel.

The drift on the Kittatin_,y mountain.--On the crest of the Kitta-
_inny mountain, the till is usually very thin. In many places it is
absent altogether. Considerable thicknesses of it can be said to occur
,only in small patches, which are frequently much separated from
,each other.

Where the mountain widens to the north, there is more drift upon

its summit than where it is narrow. The till is generally very stony,
and large bowlders are often so numerous, even where the underlying
rock is completely concealed, that most of the area has not been
brought under cultivation. It is estimated that the average thick-
_ees of the drift on the crest of the mountain must be considerably
less than five feet. On the east slope of the mountain there is almost
none, while on the west slope its quantity is much greater than on the
.east face, or on the crest.

The local character of the drift is frequently well shown. On the
Medina sandstone_ the matrix of the drift almost up to the line of
,the junction of this formation with the Oneida, is distinctly reddish,
6bowing that the Medina formation made the principal contribution
¢o its substance. On the other hand, Oneida bowlders are very com-
_non over the Medina formation to the west, indicating that the
.movement of the ice was more westerly than the strike of the forma-
¢ions. The direction of movement thus indicated is corroborated by

the strhe, as will be noted later.
It may now and then be observed along the Kittatinny mountain,

that the upper part of the till is llthologically unlike the lower.
Where this difference is observable, the lower part is more local in
constitution than the upper, and is undoubtedly of subglaclal origin.
'The upper layer, which is usually very thin_ may have been super-

gladal in origlu. An exposure showing these characteristics may be
seen near the State llne along the Port Jervis and ColeviUe road. It
is not to be understood that superglaclal drih is thought to have any

considerable development in this part of the State. The occurrence
,of drift which can be so referred is the exception rather than the
rule, and even where present, is very limited in quantity.

As a geographie feature, the Kittatinuy mountain cannot be said to
_ave been greatly modified by the ice of the glacial period.

West of the Kittatinny mountain.--West of the Kittatlnny mona-

NEW JERSEY GEOLOGICAL SURVEY
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rain, the ridge which extends from Flatbrookville to Peter's valley
has, in general, rather steep slopes, and is but thinly covered by
drift. From Peters Valley to Brick House (Montague) the ridge is,
wider, its slopes are gentler, and till is more plentiful. Northeast
of Brick House the drift is again thin, much of the surface having
no more than a meager covering.

The crest of this ridge is made up of the Cauda Galli formation.
This is flanked on the east by the Water Lime and Lower Helderberg
limestones, and on the west by the Corniferous. The till may be.
observed to undergo changes in composition wherever the junction
of the underlying formations is crossed. On the east side of the
ridge the till is usually compact, as if it had been subjected to great
pressure, while on the west side it is more uneven and less compact.
Its apparent looseness of texture is perhaps often superficial, due to
the fact that the wind has blown more or less sand upon its suface
from the valley beneath.

The general geographic featuresof this region remain much as they"
were before the advent of the glacial period. The deposits of drift
have been sufficient, however, to make some slight changes in the
drainage of the region, by establishing new divides.

The .I(iltatlnny valley.--In the Kittatinny valley there are twu
principal formations, the Hudson River sandstone and shale (slate),
and the limestone. These formations appear at the surface in long
belts running northeast and southwest. The surface features of the
shale and sandstone areas are ec unlike the surface features of the

limestone belts that they may be separately mentioned.
Till on the llmestons.--Where limestone is the underlying rock_

the present surface is often rough, and the striking topographic
features arc often dependent upon the underlying rock, rather than
upon the drift. The relief is not exceedingly great_ but the rough-
ness assumes a peculiar phase. In many places considerable prO-
jections of limestone appear above the drift. These may be few or
many feet in height, and are remarkable both for their freedom from
drift and for their irregularity of form. Looking at a considerable
stretch of limestone country from a distance, the projections of rock
appear as huge warts upon its surface. They arc sometimes sur-
rounded by stratified drift, and sometimes by unstratified. They are
especially likely to be conspicuous in the former case, since the sur-
face of the stratified drift is often approximately plane.

NEW JERSEY GEOLOGICAL SURVEY
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The markedroughnessof theexposedsurfacesof limestoneis
probablytheresultof Post-glacialweathering.In nosingleinstanc_
wasthebarelimestonesurfaceseento retalnthemarkings,or even
the smoothing, which the ice must have given it. In some eases it
is true that the projections of limestone have the general form of
roahe_moutonn_,but even in suchcasesthe surfacehas become

markedlyroughandirregular.
The peculiarwartytopographyforwhichthebarelimestonepro-

jectionsareresponsible,isespeciallywelldevelopedinWarrencounty
betweenBlalrstownandJackeonburg,northofCedarlake,northof
Paulina,and betweenBlaisstownand Whitepond,northof Markes
boro.The sametopographyischaracteristicallydevelopednortheast
ofWhitepond,extendingintoSussexcounty,botheastand westof
Stillwater.ItisstronglymarkedinthevicinityofShuster(Wnrren
county)and Catfish(Sussexcounty)ponds.Furtherexamplesare
found in Warren county half a mile south of Mr. Herman, half a
mile southeast of Swayze's Mills, three.quarters of a mile north-
northwest of Shiloh, from 8outhtown northeast through Johnson-
burg, and in the same direction beyond Washington (Hunt's Mills)_
in Sussex county. At some of these places there are high, steel_
ledges of limestone.

The wary topography is equally well developed at many points in
Sussex county. It may be seen along the road between Swartswoo_
lake and Swartswood station, as also south of Myrtle Grove and
west of Balesville. It is well exhibited along the road between,
Balssville and Branchville, from one to two and one-half miles south
of thelatterplace.The sametypeof topographyistherule,rather
thantheexception,alongthetwosub-valleyson theeastsideoftbe_
greatKittatinnyvalley.Particularlystrikingexamplesof itare
foundatmany pointsinthetimberwestofSpringdaleschool-house_
andwestof thelargeswamp betweenHunt'sMillsand Springdale_
andintheareaonthewestsideofthePequest,a halftothree-quar-
tersof a mile northwest of Huntsville. Nowhere in Sussex county"
is it better shown than in the area lying west of Hewitt's pond an&
Long pond, and between Andover Junction, Springdah and Stickle.
Pond. A good idea of it can be obtained along the road betwec_
Springdale and Andover Junction. Here the stratified beds of drift
may be seen to be built up to certain tolerably definite levels against.
slopes of the projecting limestone ledges. On the rock surfaces them-
selves, there is very little drift.

NEW JERSEY GEOLOGICAL SURVEY
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It is thus seen that the warty topography is characteristic of the
limestone belts as a whole. There are, however, a few localities
where the limestone surface seems to be less uneven, and where the
till is thick enough to effectually conceal the rock, although the pres-
ent topography is primarily that of the rock rather than that of the
drift. Such areas are mostly small.

Frequent sinks affect the surface of the limestone belts. In a few
of them ponds occur. Some of the sinks have perhaps been formed
since the glacial period, while others appear to have been deepened
since that event.

A sink is seen occasionally, in the bottom of which there is an
opening which allows the drainage to pass beneath the surface. A
sink hole of this sort occurs about baIfa mile north of east of Jack-

sonburg, in Warren county. Into it flows a considerable stream of
water, which can be plainly heard as it dashes down into its subter-
ranean channel. Where the limestone sinks are abundant, as is oc-

esssionally the case, and where there are hillocks of drift intervening,
the topography sometimes takes on something of a morainic aspect.

Such data as are available indicate that the surface of the limestone

is very much rougher than the present surface ; thus a well at the
Jacksonburg hotel, within a few yards of a limestone ledge, penetrates
over forty feet of drift without reaching its botton. This is but a
single illustration of the extreme unevenness of the rock surface as
indicated by data at other points.

Where the till on the limestone is thin, as is the rule, it seems to

be thoroughly oxidized and leached, and the matrix of fine material
is so like the residuary earth arising from the decay of the limestone,
that, but :for the bowlders, the two could hardly be distinguished
from each other. With the exception of the bowlders, the till on the
limestone must have been derived mainly from the limestone itself.

The bowlders are largely of foreign origin. A large number of esti°
',_ates at different points on the limestone belt, in Warren county,

?ate that the various sorts of bowlders occur in some such propor-
as the following :

Oneltla_ ................................................ 80 to 60 per cent.
Medlng-, ................................................ 2 to 6 "

It,_d.-_m River ,h:tles and _andstones ............ 9 to 12 "

Liw-_-t .be- ............................................ 16 to 40

NEW JERSEY GEOLOGICAL SURVEY
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The average thickness of the till on the limestone areas of the Kit-
tatinny valley is difficult of estimation, but it probably does not reach.
ten feet.

Till on the Hudson River shale.--The topography of the Hudson-
River shale belts of the Kittatinny valley is markedly unlike the topog-

raphy of the limestone belts. In the former, the principal agent of
preglacial degradation was abrasion. In the latter, solution played an
important part. The differences in the methods of wear of the two>
formations had resulted in somewhat different topographies before
the incursion of the ice. The drift is perhaps not thicker on the
shale areas than on the limestone, but the rock appears to be bare
much less frequently. Even where little drift was left upon its sur-
face, the shale has disintegrated since the retreat of the ice to such an
extent as to have become covered with a thicker or thinner bed of

disintegrated material. The present topography shows round, flowing
contours, as against the craggy aud angular forms which affect the
limestone district. Very many shale knolls having the general form
of roehes mon_onn_es,are but thinly covered with drift, while others.
are almost free from it.

Locally the shale is deeply covered with till. Nevertheless the
modifications of topography by the drift are on the whole so slight as
to make the determination of the main preglaeial features easy. As

a whole, the shale area consists of a plateau, which is more or less.
trenched by stream valleys. The plateau-like character is well seen
north and northeast of Jaeksonburg. Within this region the minor

streams frequently flow for considerable distances parallel to the
strike of the strata, before turning across the same to join the larger

valleys. Such streams have cut the plateau surface into a series of
more or less well-marked ridges, having a trend parallel to the strike
of the formation. Where the streams leave their strike valleys, the

ridges are interrupted by narrow valleys. This ridged topography is
well developed east of Becmerville. It is strongly marked also in
the narrow shale belts between the first and second, and between the

second and third sub-valleys within the limits of the main Kittatinny
valley, southwest of Deekertown. In s_me places the plateau is so
much dissected by longitudinal and transverse valleys that it presents

the appearance of an orderly assemblage of rounded hills with some-
thing of a linear arrangemmt, the tops approaching the same genera !
level.

NEW JERSEY GEOLOGICAL SURVEY
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Occasionally rounded knolls of shale are so numerous and so dis-

posed with relation to one another as to resemble more or less closely
the knolls and hillocks of a terminal moraine. This resemblance is

especially noticeable where the till between the knolls is so disposed
as to give rise to ponds and undrained marshes. In most such cases,
however, there are at least minor topographic marks which dis-

tinguish the shale knolls from drift hillocks. There is usually some
sharp projecting corner which serves to differentiate them, even
iudged by the criterion of form alone, from hillocks of drift. T[*e

existence of the knolls is believed to have been determined primarily
by preglacial erosion, though their shapes were doubtless largely
modified by the action of the ice.

The comparatively narrow shale belts which form the sharply-

marked ridges between the sub-valleys opened on the limestone belts,
are in general but thinly covered with drift. Along these lines the
mnutonn_ed shale knolls and ridges give a strongly-marked undula-
tory topography, in which hillocks and depressions follow each
other in rapid succession. Along these ridges the till is locally
thick, and the topography has the long, sweeping slopes and gentle
usdulations of till deposits. The best example of this local develop-
ment is in the vicinity of the Yellow Frame church (Hardwick
church), where the three townships of Green, Stillwater and Fceling-
huyesn meet.

Within the shale area, the till is thickest on the shale belt lying
between the Kittetinny mountain and the Paulinski]l--Papakating--
Wallkill sub-valley. This is especially true from Culver's pond
southwest to Hardwick, in the area where the plateau-like topography
is best developed. From Culver's pond southwest to the Water
Gap, there are thick accumulations of till on the shale hills close up
to the foot of the Kittatinny mountain escarpment; but from the
north earner of Frankford township to the State line, the shale hills
immediately at the foot of the mountain are nearly free from drift.
Thick accumulations of till also cover the hills between Coleville and
Clove brook.

Where present in any considerable thickness, the till on the Hud-
sou River slate usually has a compact clayey matrix, containing many
stones of all sizes. Sometimes it is distinctly foliated, but this was not

commonly observed, kN'earthe mountain the surface is thickly strewn
with bowlders, chiefly from the Oneida and Medina ledges. Although
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widely distributed, these bowlders du not, in other parts of the valley,
commonly constitute more than twenty-five to forty per cent. of those
which appear on the surface. The proportion is often much less.

Except near the borders of the limestone belts, the till on the shale
and slate is usually not calcareous. Wt'ere limestone is present,
leaching has generally removed all calcareous matter from the clayey
matrix to a depth of from three to five feet.

Where rock is near the surface, it is often covered by a layer of
loose material, ocmposed chiefly of small, angular_ little-worn slate or
shale fragments. Foreign pebbles are sometimes found embedded in
this body of local material in such positions as to make it necessary
to suppose that the ice reworked the local disintegrated material of
preglocial origin, added a small amount of foreign material to it, and
left the whole not far from the position which most of it occupied
before.

Dri[t bowlders from the ehnolite syenits.--Northwest of Beemer-
ville there are a number of outcrops of elmolite syenite. They occur
on the face of the steep eastern slope between the Oneida ledge and
the slate and shale below. The outcrops occur at frequent intervals
for a mile and three-quarters along the mountain face. Since this rock

is one which is easily recognized in the drift, and since its out-crops
are very limited in extent, the distribution of bowlders from them
cannot fail to give important information concerning the direction in
which the ice moved. Generally speaking, it may be said that the
bowlders and smaller bits of syenite are distributed to the south and
southwest of the outcrops for a distance of about twenty miles. The
area within which they were found in the drift is approximately
bounded on the southeast by a line drawn from the outcrop north-
west of Beemerville, south by west, to a point a mile and a quarter
east of Washiugtouville, thence southwestward, to a point just east uf
Hunt's pond, Green township ; on the south, by a line from Hunt's
pond nearly due west to the foot of the mountain just east of Catfish
pond ; on the northwest by a line along the east face of the Kitta-
tinny escarpment. It will be observed that the area where the eloeo-

lite syenite scours in the drift is triangular in outline, the apex being
at the outcrops. The length of the triangle, as already stated, is about
twenty miles. Its base has a width of about eight miles. Near the
outcrops, at the apex of the triangle, the bowlders are relatively large
and somewhat common. As the triangle widens to the south, the

NEW JERSEY GEOLOGICAL SURVEY



16 ANNUAL REPORt OF

pieces of syenite become less and less abundant, and their sizv
smaller.

As determined by these pieces of syenite, the direction of ice move-
ment must have been between S. 12° W. and S. 46 ° W., corrected'
for magnetic variation. These figures are in general harmony with
the direction of the numerous stri_e in the vicinity.

In addition to the above area in which the syenite erraties occur, a
few bowlders were noted in a locality so significant as to deserve
special mention. It is to be remembered that the syenite outcrops on_
the east slope of the Kittatinny mountain are 100 to 150 feet below
the summit of the Oneida ledge. Across the mountain northwest of
Beemerville, many bowlders of syenite were noted at an elevation 10@
feet higher than the nearest outcrop, and due west of it. These

bowldem, however, may have come from the most northerly outcrop
of the syenite, in which case the line of motion was about S. 48° W.

(corrected). If they came from this outcrop, they may be no more
than thirty feet higher than their source, but to reach their present
position they mast have passed over a hill about 100 feet higher tha_
their parent ledge.

Along an abandoned road across the mountain, three-qaartere of c_
mile northwest of Beemervilh, a number of syenite bowlders were
found on the west slope of the mountain. They lie S. 62° W. to 8.
69° W. (corrected) of the northernmost outcrop, and a mile from it.
There are no high hills between their present position and the syenite
outcrop. A short distance east of north of the outcrop, and just west
of the crest of the mountain, strim were found which have a direction
S. 93° W. (corrected), or three degrees north of west. This observa-
tion, together with many others which will be noted later, a_ well as
the distribution of the syenite bowlders on the west side of the crest
of the Kittatinny mountain, prove conclusively that in this vicinity
the direction of ice movement was more to the west than the trend of

the Kittatinny mountain, and that the ice passed from the Kittatinny
valley over the crest, and out to some extent on the western slope.
Syenite bowlders, however, were not found on the west slope, except
wherementioned.

The till of the highland arsa.--On the gneiss highlands east of the
Kittatinny valley, and west of the Green Pond mountain, the drih is
mainly till. On the steep slopes it is usually thin, becoming more
abundant wherever the slopes become more gentle. It reaches its
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greatest thickness on the more level summits, and in the cois of the
various ridges.

Throughout the area exposures of rock are somewhat frequent.
Where the rock is not covered by drift, it is not because the ice did
not cover it, but because the ice failed at some points to make deposits
of drift. There are relatively few exposures of drift. Data concern-
ing its thickness and the details of its distribution are therefore not
abundant. It is estimated, however, that the drlit for this region has
an average thickness of from ten to twenty-five feet. The greatest
known thickness inside the moraine is 100 feet. This is near

Ogdensburg.
The surface of the gneiss and schist beneath the till is often smooth

and polished. It is the exception rather than the rule to find it de-
sayed. In such cases it is to be presumed that the ice did not wear
off the material which was decayed at the time of its incursion, for
the amount of decay which has taken plaoe since the last incursion of
the ice is, in general, exceedingly small.

With few exceptions, the till covering the gneiss west of Green
Pond mountain is composed mainly of gneissie material. In its
typical development it consists prineil_ally of a greyish, sandy or
clayey matrix, in which are set bowlders and pebbles of gneiss, vary-
ing in size from a fraction of an inch to several feet in diameter.
The gneiss material Frequentlyconstitutes as much as ninety-five per
cent. of the whole body of drift. The gneiss bowlders are, on the
whole_ considerably wore, but do not often show well-developed
strive. The drift also carries some limestone, Hudson River slate,
sha]e and sandstone, as well as occasional bowlders which probably
came from the Oneida or Medina formations further north. There

are also occasionalconstituents from other formations_which are not
easily identified.

The only area where shale or slate occurs in quantity in the drift
of this region is east and northeast of Lake Hopatcong, as far north
as Oak Ridge. Its presencein this locality is easily accounted for by
the existence of a shale or slate formation in si_u between Oak Ridge
• nd Milton, at the west base of the Green Pond mountain. Lime-
stone does not abound in the drift of the area under consideration

except in its western part, near the limestone formations of the Kitta-
tinny valley. The movement of ice in this region seems to have
been somewhat more to the south than the strike of the formations

2

NEW JERSEY GEOLOGICAL SURVEY



18 ANNUAL REPORT OF

and the limestonewas thereforecarriedout on thecrystallineschist
areatothecast.

It is a point of some interestthatGreen Pond mountain con-

glomeratedoesnot appearto have beencarriedon tothe highland

area,westof theRockaway river. Materialfrom thisformationhas

been found in the morainenear Rustic,which isin linewith that

partof theRockaway riverwhich isparallelwith the Green Pond

range. Furtherwest thereare occasionalbowlderswhich closely

resemblecertainquartzitesfound in the Green Pond mountainfor-

mation,but none seencould be referredwith certaintyto thisfor-
mation.

The surfaceof thetillisgenerallyoxidizedand leachedtosuchan

extentas to be distinctlynoticeableto a depth of two or threefeet
from thesurface.

.DrumHns.--WestoftheGreen Pond mountainrange,drumlinsare

exceedinglyrare,ifpresentatall. Thereisonlyone localitywhere

theyareevensuspectedofexisting.Between FranklinFurnaceand

Hamburgh thereare fivehillockswhich in generaloutlineclosely

resembledrumlins. The longeraxesvary from 600 yardstothree-

quartersof a mile. The heightsvaryfrom 44 to 128 feet.Their

slopesaresmooth and regular,and intheiroutlinethereisnothing

to indicatethatrock isnear the surface.Their longeraxes are

parallelto eachother,and approximatelyparallelto thedirectionof

icemovement. In alltheserespectstheyresembledrumlins,but it
must be remembered that the directionof ice movement in this

vicinityisapproximatelythe same as thatof the strikeof the for-

mations,so thattheirpositioncannotbe regardedasproofthatthey

aredrumlins. They may be nothingmore thanveneeredhills.

RECESSIONAL MORAINES.

Within the area of Sussex county there are some minor moraines

which appear to have been made during halts of the ice, in the

course of its general recession. A somewhat well-defined recessional

moraine extends from Ogdensburg to Long pond, near Culver's Gap,

though it is interrupted for short distances at several points, especially
where it crosses high ridges. It passes by lake C-rinnell (Lane's

pond), Lafayette, Washingtonville, Balesvnh and the north end of

Long pond (Frankford township). The moraine cannot be traced
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across the Kittatinny mountain, but in the Flatbrook valley, a mile
above Layton (Centerville), and again in the Delaware valley, near
the Fisher school-house, there are local but well-definod morainic
bodies. Their real nature is shown not less by their topography and
.constitution, than by their relation to the gravel plains to the south.

These small morainic bodies in the Flatbrook and Delaware valleys
are probably to be correlated with the Long pond-Ogdeusburg mo-
raine, although there is considerable interruption across the mountain.

The average width of this moraine is perhaps half a mile. Locally,
its width increases to nearly a mile, and for considerable stretches it is
.not more than a quarter of a mile. The fact that the moraine is

<leveloped in the valleys, and not on the tops of the ridges between
them, indicates that it was made during the closing stages of the
glacial epoch for this region, when the ice had lost much of its thick°

ness. In this condition, it seems to have retained sufficient vigor of
motion to accumulate considerable quantities of drift in the valleys,
while it was too thin and too lifeless to accomplish much upon the
,crests of the hills and ridges.

The characteristic topography of this recessional moraine is not, on
the whole, very strongly developed, though it is usually distinct.
Like the larger terminal moraine to the south, it is usually more stony
•and bowldery than the adjoining ground moraine. Locally, the till of
Che moraine is as clayey and compact as any found outside the moraine
belt.

This moraine is here and there bordered by overwash plains of
gravel and sand, while in the proper relations, gravel trains occupy
the valleys below it.

When the course of the moraine between Ogdenshurg and Culver's
4:}ap is studied in relation to the topography of the region, it is seen
to bend southwestward something like three and a half miles in cross°
4ng the broad Kittatiuny valley. The moraine belts in the Delaware
and Flatbrcok valleys lie several miles north of the west end of the
continuous portion of the moraine at Long pond. The more north-
,erly position of the morainic bodies west of the mountain is easily
understood, in view of the fact that the ice wa_ moving somewhat
more to the west than the courseof the Kittatinny mountainj so that
the latter stood as a great barrier in the way of the movement which
was supplying at least a part of the ice which developedthe moraines
,in the Delaware and Flatbrook valleys. The disposition of the
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morainic bodies throughout affords an illustration of the general fact
that topography influenced the position of the edge of the ice, an@
that the ice extended further southward in depressions than on the
intervening uplands.

At several other points small patches or narrow belts of moraine-
like drift occur, but none of them have any considerable develop-
ment. It is possible that some of the more or less isolated morainic.

patches were accumulated at the same time, but so far failed of con-
tinuous development as not to make their connection evident. The.
most considerable of these local areas of morainic character lies west,

of Kittatinny mountain, just east of Brick House (_[ontague).

II. STRATIFIED DRIFT--MAINLY IN VALLEYS.

It has already been stated that the stratified drift of the northwest_
era portion of the State is confined principally to the valleys. I_
the valleys, stratified drift predominates. It possessescertain featnre_
which are not common to stratified drift outside of mountain regions.
--features which throw much light on certain phases of glacial his-
tory. These peculiarities are believed to have sprung from the exist-
ence of stagnant or nearly stagnant ice in the valleys after the ice.
sheet, as such, had left them, and while the stratified drift was in pro-
cess of deposition. Reference was made to this class of deposits in,
the last annual report.

At all stages of the ice period, the ice was thicker in any give_
valley than on the highlands on either side. When dissolution of"
the ice sheet set in, the ice disappeared first where it was thinnest.
Thus, in any given region, the uplands were freed before the inter-
vening valleys. Ice tongues, or ice masses, therefore_occupied the-
valleys for some distance below the real edge of the ice sheet.

Ice tongues are believed to have occupied the valleys also, in ad-
vance of the main sheet, while the ice was advancing. But the-
behavior of the valley ice in the two cases may well have been essen-
tially dissimilar. While the ice sheet was advancing, the valley ice
was active. It constituted valley glaciers. While the ice sheet was
in process of dissolution, the valley ice was inactive, ands in some-
ca_esat lesst_ actually disconnected from the main body of ice to the
north.

Disconnected ice blocks similar to those which are believed to bare-
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!liugered in the valleys of northern New Jersey were seen by the
writer just below the Argentler g]acler in Switzerland, in 1887. The
_lacier was then receding. Masses of ice had been separated from
the body of the glacier, as the latter melted, and, being partially pro-
tceted by debris, seemed likely to endure for a considerable time.

Ia lhe Delaware valley.--The essential facts concerning the stratified
deposits along the Delaware from the moraine near Belvidere to Port
Jervls may be summarized as follows : They cousist of materials rang-
ing from fine sand and silt to bowlders, even bowlders several feet in
diameter. Exposures are rather meager_ but gravel appears to pre-
dominate over eaud and silt, though the predominant material at the
surface is sand or sandy loam. The alluvial plain is almost uniformly
covered with a greater or less thickness of fine silt or loam. The
same is genei"allytrue of the post-glacial terraces where such exist,
=andis locally true of the highest terraces, representing the surface of
aggradation by glacial drainage. Cobbles and stones of larger size
are much more commonly present on the surface of the higher terraces
-than on the lower. This is sometimes true even where the body of
4he material is fine.

The stratified drift along the valley is plainly of glacial origin.
This is shown not only by the glaciated stones which are sometimes
found in it, but by the constitution of the material itself, The
.material of the lower terraces has been more or lees worked over by
"the river in post-glacial time.

One of the most significant facts in connection with the stratified
drift of this part of the valley is the fact that it stands in no intimate
genetic relationship to the stratified drift below the Belvidere moraine.
'From Belvidere southward, the glacial gravel deposits of the valley
decline regularly, after the normal fashion of valley trains heading in
moraines.* The inclination of the surface of the terrace is especially
_highjust below the moraine, as is the rule in valley trains. The aver-
age decline of the terrace for two miles below the moraine is at the rate
-of about 30 feet per mile. Just below the moraine the gravel rises to
,a height of 440 feet 1-A.T. Instead of continuing to rise steadily to
the north, the surface of the valley gravel deposits falls to a con-
siderably lower level above the moraine. Just north of Belvidere_
alear the river, the highest terrace has a height of only 330 feet, an

*See Annual Report for 1892, pages 115-125.
lAll figllres as to altitude are taken from the topographic maps.
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elevation more than a hundred feet lower than that of the stratified
valley drift on the other side of the moraine. There is the beet

reason for believing that no higher terrace ever existed in this locality.
The relationships are such as to make it clear that the stratified drift
deposits of the valley above Belvidere and below, were not strictly
contemporaneous. The gravel deposits below Belvidere were made
by waters issuing from the ice when its edge occupied the position
which is now marked by the moraine. At this time the Delaware
valley above Belvidere was filled by ice, and gravel deposits were not
there making.

There are well-developed terraces of stratified drift at variou_
points from Belvidere to the State line, but not only do they not cor-
respond in altitude with the gravel terraces below the moraine, but
they are discordant among them_elvas. :Not only this,.but the dis-
cordance is not to be attributed to post-glacial erosion. It is original_
not secondary.

As the ice receded northward from the position of the moraine_
the waters arising from its melting coursed through those parts of the
valley successively freed from ice. These waters deposited sand and.
gravel, especially just beyond the edge of the ice at each successive
stage. Since the ice withdrew from south to north, the gravel just
north of the moraine, or at least much of it, was deposited before that
of the valley still further north. This general relation holds up to.
the north line of the State and beyond. The valley gravel wa_
largely deposited in sections, so to speak, commencing at the south.

A study of the terraces above Belvidere shows that two somewhat
distinct stages in the retreat of the ice may be made out with some.
degree of certainty. Just below the recessional moraine, near the
Fisher school-house, the gravel terrace rises rapidly to meet it. This
is the relation which usually holds south of a moraine. Both the
moraine and the gravel below it, and particularly their relation to.
each other, show that the ice edge halted in its retreat along the line
now occupied by the moraine. The terrace below the moraine is
higher than that for some distance above, just as at Belvidere.

The second stage in the recessionof the ice is marked by the rise of
the terrace to an altitude of more than 500 feet, a short distance below
Brick House (Montague), near which point there is a second sub-
ordinate recessional moraine. While the moraine is not conspicuously
developed across the Delaware valley, it is well defined just east of
Montague.
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In the Delaware valley there is relatively little gravel disposed in
such wise as to indicate that the drainage which deposited it was
interfered with by the presence of ice while deposition was going on.
At a few points only is there evidence that stagnant ice masses
occupied the valley while drainage coursed through it, and that the
gravel was deposited about them. The general freedom of the valley
from stsgnaut ice while the deposition of stratified drift was taking
place, is in striking contrast to the condition of things in the Flat-
brook valley just fo the east. The difference is perhaps to be
accounted for by the fact that drainage was more vigorous through
the larger valley than through the smaller.

In the F_t brook valley.--The Flat brook valley, which has a course
essentially parallel with that of the Delaware from Flatbrookville to
l_Iontague,contains a very considerablebody of stratified drift, which
in many respects is in striking contrast with that of the Delaware.
The deposits in this valley are among the most complex and interest-
ing in the northern part of the State. Their especial feature of
interest is the peculiar topography which they possess,due principally,
it is believed, to their deposition about bodies of stagnant ice which
lay in some parts of the valley after the main ice sheet had melted
from the adjacent highlands. While this ice still occupied the valley,
drainage from the ice a little further north coursed through it, bear-
ing and depositing the stratified drift about and among the ice masses.
This valley ice was probably in connection with the ice sheet at some
points, and separated from it in others while deposition was going on.
In the former case,it was perhaps not altogetherwithout motionat the
time the sand and gravel were depositedabout it, though the movement
may have been so slight as to have had little effect on the deposition.
Even where the valley ice was not stagnant at the time the stratified
drift was deposited about it, it became so before its melting. Its
final influence on the disposition of the drift was therefore that of

stagnant ice. On the other hand, some of the valley ice appears to
have been in the form of isolated masses at the time the deposition
took place. These masses were sometimes buried completely by the
sand and gravel. When the ice melted the gravel deposits took the
peculiar forms which they now possess. Wherever isolated blocks

occurred, either buried by gravel, or completely surrounded by it,
their melting gave rise to depressions. Where the masses of ice were
very considerable, and especially where they were thick, their melting
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often allowed the gravel which had been deposited about them to
slump down into the depressions made by their melting. In other
cases, the irregularities of the ice appear to be reproduced in reverse
in the surface of the deposits made against it.

Good developments of the rough topography which characterize
deposits made against stagnant ice may be seen about two miles above
Flatbrookville. Here sharp-winding ridges, thickly strewn with
pebbles, inclose irregular hollows, forty to fifty feet deep. The topog-
raphy is that of a perfect network of irregular ridges, which branch
and cross in the most confused manner. The highest of the ridges
and knolls at this point reaches an elevation of 448 feet, an altitude
which accords approximately with the height of the gravel deposits
further down the valley, where they take on the form of normal
stream terraces.

In spite of the roughness of the topography at the point men-
tioned, it is clear, when studied in connection with its surroundings,
that even here there was a tendency, at the time it was developed, to
build up the stratified drift t_ a certain definite aggradation level.
This tendency was opposed and its consummation prevented by the
presence of the ice blocks along the valley. Stagnant ice forms are
also well developed on the left side of the valley, a mile or so south
of Peters Valley, and again on the west side of the valley just south
of the village.

The stratified deposits which were influenced by stagnant ice often
a_sume the general form of terraces. These terraces differ from nor-
mal river terraces primarily in the fact that the elopeswhich face the
axis of the valley arc not erosion slopes. They are often extremely
irregular, the irregularities being of the sort which characterize kame
areas. The upper surface of the terrace is likewise often obscured
by a more or less kame-like topography. Such terraces have been
termed kame terraces.* The terrace form of the valley deposits made
about stagnant ice often appears only when they are looked at in a
broad way. It is then seen that, rough as the surfacemay be locally,
there is a somewhat definite upper limit to the whole series of de-
posits, and that this surface declines in the direction of glacial drain-
age. On the upper surface, the roughness is due principally to a
greater or les_ abundance of depressions below the upper level.
Where stagnant ice was very abundant, and in isolated masses, the

_Annllal Rl.i_ort fol 1893, page 156.
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,depressions are very numerous or very large. Where stagnant ice
was at a minimum, the upper surfacesof the terracesaremore nearly
_lane.

A form of topography characteristicof this valley and of stagnant
ice deposits in general is the following: A broad and somewhat
_wampy flood plain in the axis of the valley is bordered on one or
_oo_ sides by a strongly-marked kame belt a few rods in width.
This kame belt is lowest near the axis of the valley. It rises in the

.opposite direction, and finally grades into a fiat-topped terrace,which
extends to the side of the valley. Examples of this combination of
forms are found, 1°, north of Wailpack Center, on the west side of the
brook ; 2°, half a mile south of L_yton, on the east side ; and, 3°_ on
the west side of the brook just below the second moraine, about two
miles southeast of Montague. Large, fiat-topped kames, in some
.cases probably representing the deposits made in ponds in the ice,
_oscur,1°, east of the millpond a mile south of Peters Valley ; 2°, be-
CweenPeters Valley and Layton, and, 3°, northof the secondmoraine,
_oetwecnthe headwaters of Flat and Mill brooks.

The stratified drift of this valley is hardly less singular in its dis-
Cribution than in its topography. In some parts of the valley it
_ormsa belt a quarter to an eighth of a mile in width, while in others
the belt is nearly a mile wide. Its width does not stand in any neces-
sary relationship to the width of the valley. Where the valley is
wide, the flood plain may be wide, and nearly free from drift, while
the bordering terraces are narrow. Close at hand, the flood plain
may be narrow, while the terrace plain is wide. The stratifieddrift
_as the greatest areal development in the middle course of the valley.

The extreme variability in the width of the belt of low land along
the stream is not less notable than the variations in the width of the
_elt of stratified drift. Thus for four or five miles above Flatbrook-

,ville the flood plain is very narrow. It then widens somewhat end-
<lenly, having in some places a width of half a mile ; but from these
_veryconsiderablewidths it sometimes narrows suddenly to a few rods,
or even disappears altogether. These sudden contractions in the width
are sometimes due to the fact that a great spur or ridge of gravel, or
a line of kames, juts out from one side of the valley and extends
across it to the opposite side. This may be seen a mile and a half
_elow Peters Valley, as well as at other points further down the
_tream.
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Where the flood plain is wide, the gravel terraces on either side of
it do not usually possess erosion elopes. The slopes are marked by
knolls and small hollows, showing clearly that the depression whose
bottom is marked by the flood plain, is not the result of post-glacial

erosion. Where a wide part of the flood plain has but little length,.
as is frequently the case, its whole area represents the bottom of a
very considerable depression in the midst of stratified drift, the 6nly
outlet being the narrow gorge through which the stream flows. In.
such cases it is clear that a great mass of stagnant ice occupied the-
site of the deprsssion_ and that the gravel was deposited about it, and
especially between it and the bluffs on either hand. This may be-
seen east of Peters Valley. The same phenomenon is repeated again
and again in the course of the valley. The masses of ice which occu-
pied such positions were frequently very irregular, as shown by the.
topography and outline of the gravel and sand deposited about them.

That there was a tendency toward the development of an aggrada-
tion level in this valley, in spite of the stagnant ice, is shown by the.
cenaiderable stretches of kame terraces which occur at n few poiuts_

and also by a comparison of the elevations which the gravel reache_
in various parts of the valley. Thus in the vicinity of Flatbroek-
villa the surface of the gravel has an elevation of about 430 feet ;.
two miles above, 448 feet ; at Wallpaok Center, dx miles above, 449.
feet ; at the millpond, eight miles above, 476 feet ; at Peters Valley,.
490 feet ; at Laytuu, 550 feet ; at the moraine a mile above Laytoa_
630 feet; near ICIaines_,ille,6i0 feet; at the second reeessioual
moralne above HaiuesvUle, 740 feet I at the kame terrace north of"
the moraine, 6i0 to 660 feet. (Plate I., Figure l.)

History of depositiom--The altitude of the terraces in the Flat brook:
valley shows several imporlaut facts: (1) The gradieot of the ter-
races themselves is les_than the gradient of the present streams. This,
is shown in Figure 1, Plate I. This is the reverse of what is foon0t
along most streams. An explanation may be found in the conditions
prevailing when these deposits were formed, and since. When the
deposits were made_ the Delaware was flooded, and the height of the.
terraces at the mouth of the Flat brook, was determined by the height
to which the Delaware terraces were built. The cutting in the lower

part of the Flat brook has kept pace with the cutting in the Dela-
ware, but under the present conditions of precipitation, slope an&
load, the stream has not lowered the upper part of its valley at an

equal rate.
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(2) From a point about two miles above Flathrookville, to Wallo
pack (four miles), the aggradation level is nearly horiz)ntal (b e, Fig-
ure 1, Plate I.) :From Wallpaek Center, the terracesrise northward
by a gradient which increases very rapidly (c d), as the moraine (d) a
mile north of Layton is approached. The rise is seventy feet for the
last mile. With the increase of gradient, there is a marked increase
in the size of the materials composing the terrace. These relation-
ships clearly show that the moraine above Layton represents a halt,
in the ice retreat,during which time the gravel deposits, certainly as
far south as Wallpack Center, were formed. The topography of
these deposits, and the wide, swampy flood plain in the axis of the
valley,show thatmoreorlessicefingeredinthecenterand bottomof
thevalleyduringtheperiodofdeposition,and thatthedepositswere
made aroundandbetweentheiceblocks.

(3)Northofthemoraine,aboveLayton,thegravelterraceisill-
definedforsome distance,butthegravelappearstobe somewhat
lowerthanjustsouthofthemoraine.From thispointtheterraces
ascendwithincreasinggradient(el,),tothesecondmoraine(f),three
milesaboveHalnesville,where the elevationis 740 feet.This,
morainerepresentsa secondpauseintheiceretreat,duringwhichthe
gravelsbetweenthefirstand secondmorainesweredepositedaround
theblocksof icewhichstillfingeredin thevalley.Duringthis,

timeitwasprobablytruethatmore or lesssandwascarrieddown
thevalleybelowtheLsytonmoraine,butthegreaterpartofthedrlft
belowLaytonappearstohavebeendepositedearlier.
(4)Northof thesecondmoraineisa ksms terraceand kame area,

100feetlowerthanthemoraine(9).Thisrisestothenorthward(gh).
Itsposition,itselevationand itstopographyshowthatitwasformect
after the ice had withdrawn sgmewhat from the second moraine. The

behavior of the gravel in the vicinity of the recessional moraine is in
perfect keeping with the phenomena in the Delaware valley in the
vicinity of Belvidere. The relations of the stratified drift above and
below the secondary moraines are such as to show that there was a
distinct break in the deposition of the valley drift above and belo_v
them.

Thestratifieddriftof thisvalleyhasnottheloosetexturewhiok_
prevailsinsimilardepositsinsome otherregions.The characterof
theformationswhichgaverisetothematerials,affordedmuch clayey
matter.Indeed,thesurfaceofthestratifieddriftisoftendistinctly,
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clayey. The fine earthy matter of the surface represents the last
phase of deposition of the glacial waters. In addition to this, it is

) probablethatsomeof theclayeymatterhasdevelopedsincethedrift
_teslfwas deposited.Much of the driRiscomposedof slateand
_hale,which,on disintegration,givesriseto close-texturedearth.
The surface of the stratified drift in this valley is often so clayey that,
were it not for exposures, the material would never be suspected of
_beingprincipally sand and gravel.

fs the Mill brook valley.--The Mill brook valley is really a continu-
ation of the Flat brook valley northeastward to the State llne. The
general phenomena of the Mill brook valley are comparable to those
.of the valley of the Flat brook. There are more or less discontinuous
terraces along the valley, rising from 60 to 140 feet above the stream.
"Thegraveldepositsfrequentlyshowform_characteristicof stagnant
icedeposits,and arefrequentlyaltogetherindependenton opposite
sidesof thevalley.Thisistrue,evenwherethedifferencescanbe
shown nottobetheresultofpost-glacialerosion.Thisindependence
oflevelsiswellshownon theoppositesidesofthesmallbrookwhich
_oins the Mill brook half a mile south of the State line. According
to the topographic map, the gravel reaches a height of 660 feet on
one side, while on the other it stands about 100 feet lower. The
independence of the deposits on opposite sides of the valley is still
further shown at some points by their presence on one side and their
absence from the otherj and thi_ where the absence cannot be
attributed to subsequent erosion. In the valley o£ Mill brook no
general aggradation level can be made out.

In the _ig Flat brook vulley.--Phenomena similar to those of the
Flat brook and the Mill brook valleys are found in the valley of the
Big Flat brook. The sudden widening and narrowing of the alluvial
plain, the kurus-like surfaces, and the irregularity of the stratified
deposits in general, are in keeping with those of the main valley to
which this subordinate valley is tributary.

Iu the valley of Pauline kilL--Deposits of stratified drift made by
glacial drainage are very generally present in the valley of Paulins
kill. From Stillwater to Blairstown, a very considerable part of the
glacial drainage appears not to have followed the course of the kill, but
to have followed a more northerly course by White pond, end thence
<lown Blair's creek. It entered Blair's creek in the vicinity of Hard-
wick Center. :Northeast of this point_ the drainage found its way by

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 2_

an irregular course among the hills. The phenomena along this line

of drainage correspond with those along the valley of the kill.

Wore or less stagnant ire was present in the Paulins kill valley

during the deposition of its gravels. This is shown--1 °, by the
various types of kame and kame terrace topography ; 2°, by the wide r

swampy flood plain, which is not the result of post-glacial erosion ;

3° , by the occasional outcrops of rock near the bottom of the valley
below the level of the gravel deposits, but in positions where post-

glacial erosion could not have discovered them; and, 4 °, by the
kettle-like depressions in the steep slopes of the terraces where they

rise above the flood plains.

The ire did not linger in all parts of the valley to an equal extentr
and in some localities the deposits were made in comparative freedom
from ire interference. Well.marked kames, kame terraces and other

stagnant ire forms oocur--1 °, near Hainesburg ; 2 °, between Blairs-
town, Jacksonborg and Ka]arama; 3 °, near Swartawood station_.

4°, a mile northeast of Swartswood station ; 5°, a mile southwest of
Balesville ; and, 6 °, between White and Shuster ponds along a brancl_

drainage line. Above the moraine belt at Balesville the kame topog-

raphy is marked at points some distance back from the stream, whereas_
along the kill the deposits form a low, level, broad terrace. This

latter was probably formed later than the kame terraces, and after the

ice had disappeared from the valley.

Broad terraces, showing little influence of the ire, oreur--1 °, above
Columbia; 2°, at Walnut Valley; 3 °, above and below Stillwater ;.

4°, between Augusta and Branchville ; and, 5°, east of Augusta. The

general level of the broad plain at Walnut Valley is forty feet or more
below the highest level (380 feet) of the gravel in the vicinity, and

the plain south of StiUwater is also about the same amount below the

highest aggradation level. They cannot, however, be considered as

secondary post.glacial terraces of degradation, as all the data go t@
show that the erosion along the kill has been little.

The accompanying profile (Figure 2, Plate I.) shows the elevatio_

attained by the highest terraces, as well as the present slope of the
stream. It must be understood that the terraces do not at all points

reach this maximum height. The most important of the localities
where they fall below the general level for considerable distanres are

indicated. As shown by this profile, the upper limit of the gravel

rises from Columbia, to a point a mile and a half above Hainesburg
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(a b on the profile), where a maximum height of 380 feet is reached.
Then for twe miles, in the vicinity of Walnut Valley (b c), the gravel
does not appear to reach higher than 370 feet, and the general level
of the broad Walnut Valley plain is less than 350. Near Kalarama,
it again reaches an elevation of 380 feet, and ascends by a very con-
stant gradient of about fifteen feet per mile, to an elevation of 470
feet a mile above Marksboro (c d). For the latter half of this dis-
tance the valley is narrow, and only occasional patches of gravel are

present. For two miles below Stillwater, the gravel deposits are
abundant, but most of them are at a low level (440 feet or less, de).
Here and there traces of gravel appear at elevations of about 460 or
470 feet, the proper aggradatiou level. Near StUlwater (e), the ter-
races rise by a somewhat abrupt slope from 440 to 460 feet, and then
less rapidly to 480 feet. Near Middleville (f), the gravel attains a
height of 500 feet, but a little further up stream, according to the
topographic map, it does not rise higher than 480 feet. For some
distance above Emmon's statiou, the gravel is absent entirely, but
when it again appears it has an elevation of 500 feet or more (g).
From this height it rises to about 540 feet (g h), in front of the
moraine (i) near Balesville.

North of the moraine there are kame terraces at 550 feet (j) back
from the stream, though along the stream the terrace has an eleva-
tion of only about 500 feet. The high-level gravels disappear
near the almshouse, a mile northeast of the moraine, but the 500-foot

terrace continues up the kill nearly to Lafayette (k n). This terrace
also extends up the tributary to the kill to Branchville (k l), where it
reaches an elevation of 550 feet. This "same low terrace (k m) extends
northeast from Augusta to the small moraine (n) below Fraukford
plains. The line s t shows the gradient of the kill from the Dela-
ware to Lafayette. The line below k l and parallel to it represents
the gradient of the Branchvnle tributary to the kill.

History of depo_dtlo,n.--From the profile of the higher terraces,
something can be made out as to the stages of deposition of these
deposits. The Balesville moraine marks a pause of considerable
length in the retreat of the ice. The apparent interruptions in the
regular gradient at Walnut Valley (b ¢) and below Stillwater (d s)
may be due to earlier and less clearly marked pauses, though this is
not certalu. The high-level kame terrace above the moraine, and
near the alms.house (j), was clearly built around ice blocks, and is
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_ater in origin than the moraine. The lower terrace (k, n) has but
little of the stagnant ice topography, and was formed later than the
_higher terrace, and after the ice had mostly disappeared from this
t_art of the valley.

The small moraine northeast of Augusta marks a second stage in
the history of the valley deposits. Reference to the further stages of

•deposition along this sub-valley will be found below in connection
with the stratified drift of the Papakating.

Co_stitulion.--The gravel of the Paulins kill valley is made up
_chieflyof shale and limestone, with varying quantities of Oneida and
Medina pebbles. The percentage of shale and limestone varies accord-
ing as the stream flows on the one or the other formation. Much of
the gravel is clayey, rather than loose and sandy, and the surface is
not infrequently till-like. Good exposures are found between
Columbia and Hainesburg, along an incompleted railroad grade; at
Blalrstown ; along the railroad above Marksboro and at Stillwater,
in the abandoned railroad cut.

In size the material varies from sand to large cobbles. The fine
and coarse material is in general more or less indiscriminately inter°
stratified, although there are localities where the one or the other pre-
dominates. There is no marked diminution in the size of the materla[
towards the lower end of the valley.

In the valley of Papakating oreek.--In the upper part of the Papa-
kating valley there is little stratified drift. Where the stream turns
from a southerly course to a northeasterly one, it enters the strike
valley, which is really the continuation of the valley occupied by
the Paulins kill from the Delaware to Augusta. Here there is a very
considerable body of stratified drift. This continues northeastward,
with some interruption, to Deekertown and beyond.

That the gravel deposits of this valley were made when ice filled
its center and lower parts at many points is shown--l¢_ by the topog-
raphy of the deposits ; 2°, by their position, high on the sides of the
valley much above the stream ; 3°, by the wide and somewhat swampy
good plain, which is not of po_t-glaeia| origin; 4°, by the bare out-
crops of rock and the deposits of till along the bottom of the valley
below the gravel deposits, where their surroundings are such as to
forbid the supposition that erosion has removed overlying stratified
deposits. All data point to a minimum of erosion along the Papa-
kating since the ice disappeared. The stream has been engaged rather
in filling the hollows left by the ice.NEW JERSEY GEOLOGICAL SURVEY
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At Frankford Plains, a mile and a half northeast of Augusta, ther_
is a well.developed gravel flat which appears to be a delta. This i_
indicated by the surface, and more particularly by the nature of the
frontal slopes of the plain. They are steep and lobate, and their
topography is not the topography of erosion. It is believed that a
little lake or pond must have existed here at the time the delta was.
developed. A small moraine crosses the valley just below Frenkford
Plains, a mile or so northeast of Augusta, and this may have serve&
as the barrier which held the lake on the south side. Through this.
moraine there is now a narrow erosion channel, which may have been
developed in post.glacial time. To the west and northwest, the pon&
was probably hold in by the shale hills. The gravel is deposited_
against the hills in such wise as to indicate that this was the fact. On.
the southeast, east and northeast, it would appear that the pond wad
held in by ice. The material for the delta was supplied by drainage
from the ice to the northwest.

In the Pspakating valley'there are some very pronounced kams*
iust east of Papakating station, and still others a little further up the
stream a half a mile or so east of the delta at Frankford Plains.

There are well-developed kame terraces along the west branch of the
Papakating in the vicinity of Beemerville and Pinmstock.

The profile of the deposits in this valley is shown as a eontinuatio_
of the Panlins kill deposits. (Figure 2, Plate I.) The Papakating
valley drains northward. As the ice retreated northward, and dowa
this valley, the drainage must have either been, 1°, towards and
under the ice (very improbable); or, 2° , ponds must have been
formed in the valley in front of the ice, the drainage escaping to the
south.

As shown above, the facts indicate that a large part of the valley
was filled by stagnant ice. Ponds, if formed, must have been lor_
and narrow, and in general situated between the ice which occupied
the axis of the valley and the sides of the valley itself.

With the exception of the delta at Frankford Plains, the topography
of the high-level deposits does not indicate that ponds had any con-
siderable development. As shown by the profile, the aggradatio_
level from Frankford Plains to the high terracessoutheast of Wood-
bourne rises slightly (from 525 to 540 feet in six miles), though over
much of this distance the gravel deposits do not reach this leve]_
whereas there are well-marked kames and kame terraces at 450 feet_
470 feet and 480 feet (q r)_according to the topographic map.
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Hi6tory of depositlon.--The following interpretation may be put

upon the aggradation levels of the highest terraces : 1°, a stage of com-

paratively rapid retreat of the ice from the position of the moraine
northeast of Augusta to a point a little above Papakating (Pellet-

town), followed by the formation of the deposits between these

points (p o) at elevations of 525 to 531 feet ; 2°, a probable second stage
of rapid retreat, and then a pause, during which the deposits from near

Roy's station to near Woodbourne were formed, represented by the

aggradation level from 450 feet to 540 feet (q r). The rapid rise
from 450 to 540 may be accounted for by the material brought down

the little Papakatiug at this point (r). As will be seen later, deposits

at levels accordant with this extend up the Little Papakating for some
distance above Woodbourne.

The stratified drift of the Clove river valley, runniog north from

Deckertown, corresponds in general character with that of the Para-
kating valley. The kame terrace and kame type of valley drift is
shown with special distinctness a mile or so north of Deckertown.

In the valley of .Beaver brook.--The stratified drift of Beaver

brook, which joins the Pequest a little above Belvidere, is usually
disposed in the form of normal terraces, rather than in the form of

kame terraces. Rarely does the drift of this valley behave itself ia

such wise as to indicate that standing ice occupied the valley to any
considerable extent at the time it was deposited. Here and there,

however, its presence is indicated.

In the Pequcst va//ey.--The stratified drift along the Pequest rix'er
is more extensive than along any other valley_of northwestern New

Jersey. It was formed under varied conditions. In many instanc4s,
the forms and the disposition of the stratified drift are so characterist'c

that the history of its deposition can be readily made out. The

accompanying profile (Figure 3, Plate I.) gives a generalized view of

the relations of the deposits and the present drainage lines from Dan-

ville northeast to Deckertown. This profile aids much in obtaining

a clear understanding of the history of deposition.

Below Danville, the terminal moraine occupice much of the valley
to the Delaware. Between Peqoest Furnace and a point a mile south
of Townsbury, the moraine lles to the north of the valley. Previous

to the formation of the moraine, a tongue of ice projected down the

valley beyond P_quest Furnace to Oxford Furnace or beyond. As
this ice tongue melted, and while it still occupied a part of the valby,

3
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the gravel deposits between Oxford Furnace and the moraine were
formed. Stagmsnt ice forms are more or less well developed. Themost
characteristic are the high, terrace-like ridges near the Warren county

poorhouse, one and three.quarter miles south of Towusbury. These
were probably formed in a crevasse in the ice. All the stratified
deposits north of the moraine are slightly later in origin than these
gravels.

At Danville the moraine formed a dam across the valley at an ele-
vation of about 550 feet. The result of this dam was the formation
of a lake north of the moraine, at a height of about 550 feet. This
lake occupied the area of the Pequest meadows and the Quaker Set-
tlement as far northeast as Tranquility. Its maximum length was
about eight miles and its greatest width two. Its depth probably did
not much exceed thirty feet. The humus and alluvium of the

Pcquest meadows (a b), at an elevalon of 514 to 525 feet, are the
deposits made in the deeper parts of this lake, the humus being formed
chiefly after the outlet across the moraine had been so far cut down
as to transform the lake into a swamp. At the Quaker Settle-
ment (b e), the deposits consist of silt and fine sand, having an aver-

age elevation of about 550 feet, or a little less. These are the
shallow-water deposits made by the glacial streams. When these
deposits were made, the ice had withdrawn some distance to the north-
ward, and even the isolated ice blocks had practically disappeared
from this immediate region.

In this area there are some gravels which belong to a somewhat
earlier period. Small kames of coarse gravel and sand rise to heights
not exceeding twenty feet above the general level of the fine sand
deposits. These kames are of a totally different lithologieal consti-
tution, and are much coarser than the lake deposits. They must
have been made under eutirely different conditions. The size of the
constituents of these gravels, their poor stratification, their slight
wear, and their topographical relations, indicate that they were de-

posited before the sands and silts which surround them, at a time
when the ice was in the immediate vicinity. In addition to these

kames, knol_ of limestone, practically bare of drift, rise above the
general level of the plain.

Towards the upper limit of the Quaker Settlement plain, as the
surface approaches an elevation of 550 feet, the sand and silt
grade into fine gravel, and stagnant ice forms are found. They
are here less strongly marked than farther up the valley.NEW JERSEY GEOLOGICAL SURVEY
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The glacial drainage which poured into the Pequest meadows lake
entered from two main lines. One was along the valley extending
from Germany Fiats southwest through Andover Junction and
Huntsville, to the Pequest river. In places this main channel was
split up into several subordinate ones_ connected by cross-lines of
drainage. The other main line was along the valley extending south-
west from Newton to Hunt's Mills, and down the valley of Bear
creek through Johnsonburg. These two main belts of stratified
drift are connected by a cross-belt between Springdale and Hunts-
ville. The profile (Figure 3, Plate I.)follows the main line first
mentioned.

As is shown by the profile, the deposits rise regularly and gradu-
ally from an elevation of about 550 feet at the upper edge of the
Settlement, to a height of 615 feet or more near Huntsville (e d).
Just above Huntsville, the higher terrace (615-620) plays out against
the hillside, but above Brighton a new, broad terrace level begins at
an elevation of 583 feet. This level extends north through Spring-

dale, .and passes into the plain southwest of Newton (630 feet). The
same level also extends northeast to Germany Flats (e f), rising
steadily in that direction.

The ending of the higher level (c d) near Huntsville an.dBrighton,
and the beginning of the lower terrace (e J) just north of Brighton,
point to two stages in the formation of these deposits. During the
first stage, the gravel below Brighton and Huntsville was deposited.
Sufficient ice remained in the valley to hold the glacial waters to an
aggradation level rising to 615 or 620 feet just above Huntsville.
At a somewhat later period, melting had progressed further, and the
glacial streams built the terraces and plains stretching north and
northeast of Brighton at a slightly lower aggradation level. There
is nothing in the nature of a recessional moraine at the point where
the interruption occurs, such as has been formed in some of the other
valleys where distinct stages of deposition can be made out.

According to this interpretation, the gravel deposits (b d) from
.Brighton and Huntsville to the Pequest meadows, are contem-
l_oraneous. Those of the Settlement (b e) were lake deposits, and
those between the Settlement and Brighton (c d), the deposit of
rapid glacial streams. The kames rising above the silts of the Settle-
ment belong to a slightly earlier time.

The second aggradation level (e f) rises from an elevation of 583
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feet near Brighton to a height of 603 feet near Long pond, 613 feet
near Ilifl"s pond, 623 feet near Sussex Mills (east of Mulford Station),
639 feet northwest of Woodruff's gap, 640 feet at White lake, and
660 feet at the outer border of the moraine. At lake Grinnell the

rice is very regular and uninterrupted. It must be remembered,
however, that the line in the profile does not represent the actual sur-
face of the terraces. It is the aggradation level represented by com-
bining the maximum elevations of the terraces.

The moraine at lake Grinnell marks a well-defined pause in the
ice retreat. While the active ice edge stopped at this point, the gravel
deposits as far southwest as Brighton were formed. Large ice blocks
lay in the center of the valley, and the waters deposited sand and
gravel around them. The sites of the largest of these blocks are now
marked by the row of ponds and marshes from Andover Junction to
the moraine. Long pond is reported to have a depth of over 10(_
feet.

For a mile above the moraine, kames and kame terraces border the

stream. They are of massive size, but their heights, 643 to 620 feet_
do not permit them to be correlated with the deposits south of the
moraine. They may be contemporaneous with the moraine, but
more probably were formed a little later, after a sllght retreat of the
ice edge.

Types of t.opography.--Bread plains, formed in standing water, are.
represented by the Quaker Settlement plain. Terrace plains, slightly
pitted by kettles, but, in general, formed quite independently of ice
action, are present along the Pequest, and along the railway south-
west of Huntsville. The greater part of Germany Flats shows the
same type of topography, but here the plain is interrupted by exten-
sive ponds and swamps. In many cases the minor features of stag-
nant ice topography are well shown on the sides of the kettles. They
may be seen along the Lehigh and Hudson River railway.

More strongly-marked kame terrace forms, comprising kettles_
winding ridges, and narrow terraces bordering the rock hills, are well
developed east of Huntsville and Brighton, around White'e pond_
Hewitt'e pond and Long pond.

Near Brighton there are good examples of bare rock ledges at
levels lower than the gravel deposits, and in localities such that
erosion cannot be supposed to have removed a gravel covering.
They must have beencoveredby theice when thegravelterraces,
weredeposited..
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Discordance between glacial drainage and present streams.--The

glacial streams flowed southwest, as is shown by the slope of the ter°
races. In some localities the present streams flow in directions

_)pposcd to this slope. This is shown on the profile. The ecuth-
western extension of Germany Flats is drained by a branch of the

Pequest (h i) whose headwaters are just above Iliff's pond. The
main part of the flats is drained by two streams (j and k), one flowing

northeast, the other southwest. They unite at Sparta Junction and

leave this valley by a crees-valley to the northwest. The upper part
of the Flats drains into the Wallkill in a direction (l m) contrary to

the slope of the terraces. These streams were located not by the

general slope of the terraces, but by the slopes of the lowest passages
aloof the valley in the upper part of the Flats. This was contrary
to the slope of the upper surface of the terraces.

The second main gladal drainage line via J'ohusonburg, Hunt's

Mills and _Newton.---South of Johnsonburg, the stratified drift forms

.a broad plain, having an elevation at its lower limit of about 550

feet, but rising northward to 580 in the vicinity of Johnsonburg.
The aggradation level rises northeastward along Bear creek, reaching

a height of about 632 feet in the vicinity of Hunt's Mills. Still
further northeast, near the swamp, it attains an elevation of 639 feet.

.:For some distance along this large swamp gravels are absent, but

near its northern end they occur, and reach an elevation a little less
Chan 640 feet. So far as could be determined by the map they are

_slightly lower than those further southwest. At least they do not reach
Cbe height to which the natural increase of slope would carry them.

The gravels from near Hunt's Mills to a point below Johnsonburg

may correspond in time of deposition to the gravels southwest of

Brighton, while the gravels northeast of the swamp, extending to

Newton, with an aggradation level between 620 and 640 feet, may
correspond to the second stage of deposition in the other valley, viz.,

that from Brighton to the moraine. Data are hardly definite enough

4o warrant positive assertion.

Types of topography in the preceding belt.--South of Johnsonburg,

_he stratified deposits form a gently-undulating plain, whose even
surface is but slightly interrupted by shallow depressions and low

knells. Much of the same topography is shown north of Springdale,
but here the hollows due to blocks of ice are more pronounced.

]Near Hunt's Mills (Washington), the gravel area is surrounded by
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irrcguJarhills of limestone. Its continuity is interrupted by knolls
or rock-islands in the gravel plain, and by humus-filled hollows.
The general topography is due to a combination of stagnant ice forms
and limestone knolls. From the northern end of Bear swamp to
Newton, via Muekshaw pond, a distance of over three miles, various
types of stagnant ice forms occur. Large kettles and flat-topped
kames are common. Over much of this area, also, limestone bosses
and hills project through the gravel plain.

Just south of Newton, in the outskirts of the village, the topog-
raphy of the stratified drift is extremely kame-like. Hillocks and
hummocks having a relief of twenty-five feet follow one another in
quick succession, with but litth regard for a common aggradatiou
level. Ever and anon, however, the aggradafion level appears in
the form of a well.defined, even if narrow terrace. This is shown in

the vicinity of Drake's pond, southeast of Newton. The pond itself
occupies a large kettle, which is apparently the site of an ice block.
The minor inequalities in the outline of the ice are wall marked in
reverse by the knolls and depressions on the sides of this laxge
ketth

Stagnant ice forms axe also well shown along the narrow belt of
gravel between Drake's pond and 8tickle pond. The charactsristicr
narrow terraces, flat-topped mounds, and ridges, are also well shown
around Muckshaw pond.

Comtitution of the gravel.--The bulk of the gravel in the Pcqucst
systemiscomposedofshale,sandstoneandgreywacke(HudsonRiver).
Limestonepebblesandcobblesareabundantin some exposores_but
theirabundanceisvariable.The largercobblesarecommonlyof
Oneidaand bfedlna.A few gneisspebblesoccur.The gravelis
generallywellroundedand water-worn;batstriatedcobblesoccur_
thoughnotingreatnumbers.Occasionalmassesoftillareincluded
inthegravel,butsuchoccurrencesarerare.In size,thematerial
variesfrom finesandtocoarsegravelor cobbles.Layersof the
finestsandareofteninterstratifiedwithcoarsegravel.Where stag-
nanticeformsarebestdeveloped_thegravelisapttobe coarserthan
wheretheyareabsent.Oxidationhaspenetratedtodepthsofthree
or fourfeet.Over much of theareathesurfaceisclayey.The
greatestknown thicknessofthegravelisforty-fivefeet,at which
depthitsbottomwasnotreached.

In the Wallkill calley.--The Wallkill heads in a swamp southwest
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of Sparta. From this point north to the State line, the stream is
bordered interruptedly by considerable deposits of stratified drift,
which assume now the form of kames, now of kame terraces, and now

of less readily.classifiable forms. On the whole, stratified drift is

less abundant along this valley than along any other equally large

drainage line in the northwestern part of the State.

At Sparta, near the head of the valley, occur large, massive kames,
which rise 60 to 110 feet above the kill. Much of the material of

this kame area is very coarse ; bowlders up to five or six feet is diame-
ter occur; much of the material is unworn, and still retains stri_e.

There are no traces of an aggradationlevel These factsindicate

conditionsof depositionsomewhat differentfromthoseattendingthe

formationof kame terraces.They were doubtlessformed when the

icestoodin theimmediatevicinity.Above Sparta,and from that

pointto Ogdensburg,theWallkillhas a winding coursethrougha

swamp. Locallythe lowlandhas a width of halfa mile or more.

Through thispartof itscoursetheriverhasdoneno cuttinginpost-

glacialtime,but hasdevoteditselfto thesiltingup of thewide val-

leyordepressionwhich was leftwhen theicereceded.

At Ogdensbnrga triangularembankment ofstratifieddriftextends

nearlyacrossthe valleyfrom the easternbluff.This gravelridge

was referredto in theGeology of New Jersey,1868,and again in

theannualreportof theStateGeologistfor1878. Itwas described

at some lengthin 1880.* ProfessorCook wroteof itas follows:

" It isa conspicuousfeatureof the landscapeand affordsbeautiful

viewsof the valley,both northand south,and itservesas an em-

bankment for the New Jersey Midland railroad (New York, Susque-

hanna and Western) crossing the valley of the WaUkill. Its (aver-

age) height is 660 feet above the sea and 100 feet above the mud

level along the kill. The village of Ogdeusburg stauds partly on

its eastern end. Its length, measured on a straight line directly actors

the valley, is three.quarters of a mile."
At its eastern end where it joins the bluff the embankment has a

width of nearly three.quartsrs of a mile. It narrows steadily to the
west and at its western extremity, near the kill, its width along its

crest is only two or three hundred yards. Its shape is, therefore,

nearly triangular, and the apex of the triangle is so near the western
side of the.%alley as to leave but a narrow passage for the Wallkill.

_Annual Report of the State Geologist, page 51,
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Iftheembankmentonceextendedacrossthevalleysothatitswestern
end reachedthewesternbluff,itmust haveconstituteda dam,and
havegivenrisetoa lakeoccupyingtheflattothesouthbetween
Ogdensburgand Sparta.An examinationof thegap betweenthe
westendofthedriftembankmentandtheblufftothewest,doesnot
make italtogetherclearhow much,ifany,ofthepresentgapisthe
resultof post-glacialerosion.The difficultyof determinationis
enhancedby thefaotthattherehasbeenmuch fillingatthispointby
human agency,especiallyinconnectionwiththeconstructionofthe
railway.Suchdataasareavailableseem to indicatethatthemaxi-
mum amount of cutting which has occurred in post.glacial time is
probably not more than twenty feet. It can be stated with some
degree of confidence that the embankment did not extend across the
valley at its maximum height. Any water which may have been
held back temporarily in the area south of Ogdensburg cannot have
had great depth.

The top of the embankment slopes gently westward. In places it
is somewhat undulatory, and seml-kame-llke in topography. Its

steep north and south slopes are marked by shallow depressions and
low swells, which give a clue to its origin. Slopes with such topogra-
phy, and in such relations, could only be found where the gravel was
deposited against an irregular surface of ice. This embankment is
believed to have been formed in a wide crevasse in the ice body

which occupied the valley at this point_ while the stratified drift was
being laid down. Such a crevasse would be likely to be wider near
the side of the valley where the gravel entered, than toward the
center. The ice walls between which this deposit of gravel is believed
to have been made, could have had little or no motion ; otherwise

the regularity of the deposit would have been destroyed.
The gravel of the ridge is coarse, although much fine sand is

present. Bowlders, even large ones, are occasional. Many of them
arestriated.As shownbyvariou_exposuresintheridge_thickbeds
of conglomeratehavebeenformedby thecementationof thegravel
by limecarbonate.
Followingdown thevalley,thereislittlestratifieddriftfrom

Ogdensburgto FranklinFurnace. _orth of FranklinFurnace
thereisnO continuousbodyof stratifieddriftimmediatelyadjacent
tothekillforsomedistance.Therearesomesmallareasofstratified
driRbetweenFranklinFurnaceand IIardistonville,a littleout of
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the valley. Some of these have forms which suggest that they are
,delta deposits made in local lakes or ponds. If such bodies of water
existed, they must have been held in on one or more sides by
the ice.

An interesting deposit of gravel of considerable extent occurs in "
"the vicinity of North Church, reaching eastward essentially to the
Wallkill. The stratified drift is here composed of sand and gravel,
and constitutes a fiat-topped plateau which extends as far west as the
,old North Church. It is believed to be a delta, and may be called the
:North Church delta plain (see profile, Figure 3, Plate I.) This plain
is a striking feature in the landscape. Its greatest width from east to
west is a little more than a mile and three.quarters. Its greatest

length from north to south is five-eighths of a mile. The top of the
plain is generally fiat, bat it is occasionally broken by a few broad,
shallowdepressions.Oa thewholeitsuppersurfaceslopesvery
gentlyfromnorthtosouth.
Along itssouthernand easternmargins,itsoutlineis lobate.

Typicaldeltafronts,withsteepslopesand well-markedlobes,are
_inelydeveloped.Theirheightsvaryconsiderably.NeartheNorth
Church school-house,wheretheplainfrontstheswamp,theabrupt

slopeisnearly100feethigh. Eastwardtheheightdiminishesrap-
idlyasthesurfaceinfrontof theplainrises,untilata pointnorth
.ofFranklinJunction_thefrontslopeisnotmorethantwentyfeetin
height.Bdt the frontisherejustasclearlya constructionalslope
builtintostandingwater,as isthehigherfrontfartherwest.The
lobesareclearlyoutlined,andthere-entrantanglesaredeepandnar-
row. Whiletheheightofthefrontsincreasesfarthereastandnorth-
.east,itnowherebecomesso highas neartheNorthChurchschool-
house.The heightofthefront,atdifferentpoints,wasdetermined
by thedepthof waterintowhichthedeltawasbuilt,andthisvaried.
With oneexceptionkames and kettlesdo notexistalongthefront
.ofthedeltaon itssouthand eastsides.Near theschool-house,
boweverptherearen few smallhillockson thesideof one of the
re-entrantangles.
The northernslopeoftheplainisverydifferentfromthesouthern.

Heretheplainsuddenlybreaksup intoa successionof massivehil-
locksanddeepkettlesata levelconsiderablylowerthanthetopofthe
plain.Some of thekettlesareasmuch as 80 feetdeep. Nowhere
,elseinSussexcountyarethekanesdevelopedon a moremassivescale.
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Unfortuvately much of the area is covered with timber, and therefore
a gocdiview of the whole assemblage of hills and hollows is impossi-
ble. Bowlders and largo cobbles are much more abundant on the

kames than on the surface of the plain itself. Nothing can be more
clear than that the conditions which prevailed on the northern flank
of the plain during its construction were totally unlike those which

controlled the development of its southern slopes. Just as the regu-
lar slopes and lobate margins on the south tell of the advance of the

delta into a lake, and of deposition unhindered by ic% so the knolls,
ridges and kettles of the northern slope indicate deposition against
ice of very irregular outline. There can be little doubt that the mar-

gin of the ice stood where the kemes now are when the delta plain
was formed.

While exposures are for the most part wanting, so that the struc-
ture of this plain cannot be made out, all available data seem to point
to the conclusion tlmt it is really a glacial delta, built in a temporary
lake, whose surface had an altitude of 620 to 630 feet.

Kames have a strong development a little farther down the valley
to the north. The kames become exceptionally abundant and most,
pronounced just southwest of the Hamburgh station of the Lehigh
and Hudson River railroad. Just here is a small but marvellously
complex areaof hillocks and kettles. This particular spot affords a_
exhibition of the most pronounced kame topography in New Jersey.
The kettles are nearly circular, and their rims are practically
unbroken. The hillocks are equally perfect in their dome-shapeD
outlines. The vertical relief within a few rods is often as much as
forty feet. Measured from the top of the largest kame to the bottom
of the nearest kettle, the relief must be as much as 80 to 100 feet.
This kame area is continued northeastward across the river into the

southern part of Hamburgb. It extends a mile farther down the

valley toward McAfee, and is more or less continuous with deposits
found all along the valley from McAfee to the State line.

Returning now to the North Church area, a narrow belt of

kames stretches thence northward to Deckertown (_ o, Figure 3,
Plate I.) This belt of kamos does not lie in the valley of the Wall-
kill, but is closely associated with it. This belt can hardly be calls@

a ksme terrace,for no terrace level can be made out, though the
kamss often reachessentially the _ame level. On the whole, they rise

to the north. Now and then kamss are so connected as tosuggsst a_
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esker,butno well-formedeskerisdeveloped.The kametopography
isoftenstronglymarked,therebeingsometimesa reliefof asmuch
aseightyfeetwithinshortdistances.The gravelsometimeslies
againstthehills,but more commonlyisseparatedfrom them by a
narrowdepression.The positionofthekame belt,withregardtothe
sandplainatNorthChurch,indicatesthatthekame beltwasbuilt
alongthecourseofthestream,which,atitsmouth,formedthedelta
plain.The formationofthetwo may havebeencontemporaneous,
butmoreprobablytheplainwasconstructedfirstand thekame belt_
tothenorthlater,astheicereceded.
This kame boltaffordsthebestopportunityknown in Sussex

countyforstudyingtheeffectof a changein thesurroundingrock
upon theconstitutionofthegravel.The kame boltisborderedon
theeastby limestonehillswhicharenearlyfreefromdrift.Lime-
stonealsobordersthekame bolton thewest,savefora milenearthe
northend. The contactbetweentheshaleand thelimestonecrosses

thekame boltobliquelynearthePapakatiugcemetery.The northern
extensionof thegravelareatoVan Sycklesisthroughan areaof
shale.

Exposuresat intervalsof a milegiveopportunityfornotingthe
changeintheconstitutionofthegravel.Theseexposuresshowthat
theunderlyingformationmakesitselffeltpromptlyinthestratified
drift,and thattheshalebecomeslessand lessabundantafterthe
depositingwaterscrossedthejunctionoftheshaleandthelimestone,
flowingout upon thelatter.The changeismore notablein the
coarsethaninthefinepartofthegravel.

NearDeckertownthereisanothergravelandsandplain,lyinga
littlecastofthevillage,whichappearstobesimilarinmany respects
to thatat NorthChurch. Itsgreatestdiameterisaboutonemile.
Itsaverageelevationisabout100feetbelowthatoftheNorthChurch
plain,andataboutthesameelevationasthekame terracessoutheast
of Woodbourne,two milesfurthereast.The plainrisesfrom the
lowlandinfrontofitby a verysteepslope80 to100 feetinheight.
Itssouthernmarginislobate,and thelobesresembledeltafronts.
The characteristicoutlinesofstagnanticetopographyarenotpresent,
butintwoplacesthelobesof theplainappeartohavebeenbuiltout
so as to reachand partlybury haineswhichwereearlierformed.
The deltaformisnotsodistinctlymarkedonthesummit.Insteadof
beingflatorgentlysloping,itispittedbysinksandkettlestwenty-
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five feet to forty feet deep. One knoll rises ten feet above the general
level. Inequalities are less strongly developed near the front of the
plain than a little distance back from the edge. The northern and
northeastern, or inner slope of the plain, is strongly kurus-like. In
this respect also it is like the i%rth Church plain.

Northeast of Deckertown there is a long, narrow belt of kames

(p q, Figure 3, Plate I.) standing in much the same relationship to
the Deekertown plain that the Deekertown-Hamburgh belt does to
the North Church plain. This kame belt is separated from the
northeastern end of the plain by a broad alluvial flat. Frequently
an aggsadation level is suggested, the highest knolls reaching a com-
mon level. Its general gradient is about sixteen feet per mile, slop-
ing to the southward ; that is, sloping in a direction contrary to the
present course of drainage. The sand and gravel are sometimes dis-
tinctly separated from the shale knolls on either hand, though they
sometimes rest against the rock hills. The long, narrow form of this
belt of stratified drift suggests an esker, but the definitive topography
is wanting. The belt is composed rather of a succession of rounded
or slightly elongate and somewhat isolated hills of gravel and sand
arranged lincally.

A mile south of Qaarryville, on the east side of the brook, there
is an embankment of gravel jutting out from the hillside into the
valley, after the manner of the Ogdensburg embankment, though
on a much smaller scale. This also probably represents a cravaese-
filling in the ice.

On the east side of the Wallkill, above Hamburgh, gravel has
little development for some distance. It is often absent altogether.
Due east of Deckertown, and half to three-quarters of a mile north
of Independence Corner, there is another huge, spur-llke embankment
of sand and gravel projecting out into the Wallkill valley from the hill-
side on the east. The main part of the embankment is triangular,
the base of the triangle being against the east bluff of the valley,
while the apex is half a mile to the northwest. The embankment
closely simulates that at Ogdensburg, and is believed to have had a
simUar origin.

On the west side of the Wallkill, from Vernon to Glenwood, there
are isolated kames, often separated from the valhy bottom by hills
thinly covered with till. The relation is such as to indicate that ice

oecupied the center of the valley, which is now covered by alluvial
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deposits, and at the same time the lower slopes of the hills up to the
bottom of the present gravel deposits, while the latter were making.

In the Vernanvalley.--Stratified drift deposits occur interruptedly
from Hamburgh to the State line in the Vernon valley. From Ham-
burgh to Rudevilh the stratified drift takes the form of kames, or
sometimes of kame terracas. At MeAfee, there is a fine development

of the kame topography. Kettles twenty to thirty feet deep are
closely associated with hills of corresponding dimensions. A good
view of this kame and stagnant ice topography can be obtained from
the hill opposite the hotel at McAfee.

From McAfee to Sand Hills the kame and kame terrace topography
is continuously developed. The name--Sand Hills---is derived from
the huge hills of stratified drift in the immediate vicinity. A
group of the hills near the station rises 150 feet above the level plain,
and the kame terrace to the north is even higher.

The stratified drift in this region frequently attains a considerable
thickness, being in some places more than 100 feet. Where it extends
around limestone hills, great variations occur within narrow limitP_
so that its thickness is exceedingly irregular.

A comparison of the heights of the aggradation levels in various
parts of the valley shows a southward slope of about ten feet per mile.
This is true for that part of the gravel area from the Spregue school-
house, southwestward to within half a mile of McAfee, where the

aggradation level is better developed than at many other points.
In this valley, as in other valleys of Sussex county, the stratified

drift deposits do not hold, throughout the valley, a continuous aggra-
dation level. A distinct grade can be made out for a certalu section
of the valley, but the grade level for one section seems to be largely
or altogether independent of the grade for the sections above and
below. The lack of correspondence in the level between the gravels
about Sand Hills and those south of McAfee, seem to point clearly to
a different time of origin. The 600 to 620-fcot plain three-quarters
of a mile south of McAfee, was probably formed earlier than the ter-
race farther north, and before the ice had freed the northern part of
the valley. The great mass of kames at bgeAfee (560 feet) cannot
be connectedwith the aggradation level of the area farther north, nor
does it agree with the well-marked levels at any point farther south.
The general rule seems to be that the gravels in a certain section of
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The ice then retreated farther north, and the section freed by the
retreat bad gravels deposited in it. In the second section, aggrada-
tlon sometimes built up the valley gravels to the height of those in
the section below, and sometimes not. Still farther retreat of the ice

freed a third section of the valley, in which deposits were made.
These deposits in turn may have failed to reach the levels of those
made in other sections at earlier times.

In this valley, as in several others in northern New Jersey, the
uggradatiou level slopes to the southward, while the present drainage
is in the opposite direction. :Northward-flowing drainage was estab-
lished when the ice finally disappeared from the valleys.

From Sand Hills north to the State line there is relatively little
gravel. At some points, as near Maple Grange, the gravel is confined
to the slopes well above the valley bottom, while at the base of the
slope below the gravel till appears, as shown in Figure 1. This
would seem to indicate clearly that the areawhere till now occurs
was covered by ice when the gravel was deposited.

::'::. ::':'"

Fig. I.

Profile illustrating the cross-section of "Vernon valley, near Maple Grange: a a,

gravel and sand; bb, till; co, alluvium and peat (depths perhaps too great);

d d, limestone ; e e_ crystalline schist. Horizontal scale, 1} inches per mile ; vertical
scale, about five times as great as the horizontah

In the Muscondoong valley.--The gravel below the moraine in this
valley was referred to in an earlier report.* Above the moraine, the
stratified drift is abundant as far as Stanhope. In some places it
takes on the form of kames. In others its disposition is more regular,
though a kame-like habit is somewhat persistent.

Gravel also occurs interruptedly[aloug the valley of Lubber's run,
a tributary to the Museanetcong, which joins the latter two miles

_l_eport for 1892, page 125.
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below Stanhope. In this valley the stratified drift is far from con-
tinuous. Above Roseville it has the irregular form which tells of
deposition against ice. Stratified drift also exists along the valley of
the tributary to Lubber's run, coming down from Wright's pond and
beyond.

In the Pe_tuauncok.Rockaway valley.--In the Pequannock valley,
etratified drift deposits are well developed from Newfoundlaud to

Mooseback pond. The stratified drift of this part of the Pequan-
nook valley is continuous with the narrow belt of stratified drift
which stretches down the Rockaway to the moraine at Port Oram.
This belt of stratified drift is one in origin, although it is now drained
by streams flowing in opposite directions.

:From Newfoundland to Oak Ridge, the stratified drift is disposed
principally in the form of kames. This is especially true north of

the railway. The topography of the kame area is rough, having a
relief of twenty to thirty feet. It consists of ridges and hills com-
posed of coarse gravel and occasional bowlders, alternating with
basins, and trough-llke depressions. South of the river in the same
part of its course, the stratified drift assumes rather the form of a

terrace sloping to the southward, but its surface is interrupted to
some extent by depressions, some of which are occupied by swamps.
Continuing southward, this belt of stratified drift becomes somewhat
complicated, and difficult of classification, in the vicinity of Peters-
burg. From this point south, the stratified drift is almost continuous
down the Rockaway to the moraine. It has a general southward
gradient amounting to 140 or 150 feet from the vicinity of New-
foundland to the moraine, a distance of twelve miles.

Within this belt, kamse are well shown north and east of Mooseback

pond, at Upper Longwood, at Lower Longwood and at Berkshire
valley. The stagnant ice forms have good development south of
Oak Ridge station, and for a short distance east, south of Mooseback
pond, and at Berkshire valley. The terrace form" is best seen at a
point thrse-quarters of a mile west of Milton, on the south side of

the railway, and from Milton to Woodstock, along the west side of
the valley.

Isolated patches of s_raiified drifl.--Apart from the stratified drift
which occurs along the valleys, there arc here and there patches
of stratified drift of greater or less extent, which are more or less
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isolated. Some of these occur on uplands, while others are at lose
altitudes.

There is a little stratified drift in many of the small valleys,
tributary to the larger ones which have been described. This is true
both of the great Kittatinny valley, and of the highland area to the,
east, as far as the Green Pond mountain range. In these minor

valleys, the stratified drift has the same general character, both as tc.
constitution and disposition, as in the larger ones. The greatest body
of such drift which has not been separately mentioned is found west
of Bear Fort mountain, and a short distance east of Carey's mine.
It has an interrupted linear extent of more than three miles. Its

topography is kame-like, with a relief of ten to twenty feet. Its
disposition indicates that it was deposited against ice which must
have been stagnant or nearly so.

There is also a greater or less amount of stratified drift about many
of the ponds and lakes. The patches of stratified drift about the
lakes are often more or less kame-like, and sometimes assume the
forms of kame terraces. This is true about Sucker pond, and for
about three miles northeast of the same. It is also true about Swarta-

wood lake and Catfish pond, aud about several of the lakes botwee_
the east line of Sussex county and Green Pond mountain.

There are stratified drift deposits of the overwash plain type, edja-
cent to the recessional moraine which has an interrupted existence

from Long pond to Ogdensburg. Along this moraine, gravel of
the overwash plain type may be seen a little west of Balesville ; also
at Washingtonville, and near Branehville Junction. Inside the
recessional moraine there is also stratified drift to a considerable

extent at various points. This is especially true north of Balesville
and at a few other points.

There are a considerable number of kames about Andover. Over

most of the area in the vicinity where the kamas occur, there is no

trace of an aggradatinn level, and the topography is much more that
of a kame area than that of a kame terrace. In and about Andover

Junction, however, there is an approach to a kame terrace topography,
where the aggradation level appears to be 650 feet.

There are small bodies of stratified drift on high levels not asso-

ciated with valless. Thus at Culver's gap, on Kittatinny mouotaln_
there is a kame-like accumulation of stratified drift. Small bodies of
stratified drift also occur a mile or so northwest of the gap. Isolated
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patches of small extent are known at a few other points on the range.
It is quite possible that there may be small patches of stratified drift

or kames at other points not known. The mountain is so generally

covered by forests, and is crossed so infrequently by roads or paths,

that small areas of sand or gravel may have escaped observation.
On Pochuek mountain there are some haines which occupy a sort

of amphitheater two and one-quarter miles northeast of Hamburgh,

and a mile and a quarter east of south of Independence Corner.
From the kames at this point, a splendid view can be obtained of the

crest of the Kittatinny mountain, and the broad, rolliog Kittatinny

valley. There are many other places on the highland area between
Green Pond mountain and the Kittatinny valley, where isolated

bodies of stratified drift occur. These are usually of small extent

and present no unusual features, and do not call for individual men-
tion here.

ESKERS.

Eskers are exceedingly rare in the northwestern part of the State_
even those which exist are ill-developed. In Warren county there

are two, and in Sussex county there are three ridges of drift which

may be classed in the category of eskers. One of the eskers in

Warren county lies on the northern slope of the limestone hill, nearly

three-quarters of a mile northeast of Walnut Valley. Its length is
not more than 250 yards, and its width 50 to 60. At its upper end

it thins out gradually; at its lower, it ends abruptly. Its crest is

undulatory, and nowhere does it rise to a great height above its sur-

roundings. It is not so distinct but that question might be raised as
to the propriety of calling it an esker.

The other esker-like ridge in Warren county is north of Southtown,
southwest of Glover's pond. Its length is 350 to 400 yards_ and its

width 40 to 50 yards, its height is five to fifteen feet above its sur-

roundings. At its northern end it terminates sharply at the swamp,
while southward it fades away on the hillside.

Of the three sskers found in Sussex county, the best developed is

in the midst of the kame area southwest of Unionville (N. _".). Tt

begins about a mile southwest of Unionville, a little south of the road
which runs from Unionville to Clove brook. At its northern end,

it is not distinctly eeparahle from the kame deposits about it, but
southward it becomes sharply ridge-like in form, and is bordered on

4
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e{ther side by a swamp, above which it rises steeply for twenty feet.
It is somewhat sinuous, has a narrow top and steep slopes. After a
course of 450 yards, it ends abruptly at the swamp, but after a break
of fifty yards it begins again as a low, winding ridge, not more than
five feet above the swamp. Its height soon increases to twenty feet.
It is again interrupted by the swamp for about 300 yards, but is con-
tinued again in the kame area on the south. Here it is a sharply-
marked, slightly-slnuous ridge, with steep sides and narrow top, with
undulating crest. At its southern end, it merges again into kame
deposits.

Another small e_ker occurs east of Hainssville, near Averytown.
This is a narrow, sharply-defined, curving ridge, having a height of
from fifteen to eighteen feet through a part of its course. It is well
defined throughout its entire length. Its crest is narrow and its
slope_ steep. It is twice broken by brooks which cross it. Includ-
ing these gaw, it_ length is about 500 yards.

The third body of drift which approaches an esker in form is mid-
way between Glenwood and De Kays. It is a long belt of gravel,
the length of which in New Jersey is about thrce-quarters of a mile.
It is ill-formed and is made up of a succession of elongate knolls
rather than of a distinct ridge. It is doubtful whether it should be
classed as an eeker.

B. DRIFT ON THE BEAR FORT, KANOUSE, GREEN
POND AND COPPERAS MOUNTAINS.*

This series of mountains may be considered as one in this connec-
tion. Together they constitute a sort of dividing ridge between the
eastern and western parts of the State, a division which has some

significance from the standpoint of our present study. On the whole,
these mountains are but thinly covered with the deposits of the

glacial period.

I. TILL.

On .Bear Fort mountaln.--The most conspicuous feature of the
glacial geology of this mountain is its paucity of drift. Outcrops of

*The following stat_men[s concerning the drift of these moun_ins_ as well as the

area farther ea_ h are based largely on the detailed work of Charles E. Peer.
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rock occur by the hundred, perhaps by the thousand. It is probable
that the aggregate area which is essentially free from drift, equals the
aggregate area where the rock is concealed. Drift seems to be least
abundant over the central part of the range. Till is more abundant
on the west slope than on the crest and east slope. For the whole
moantain_ the average thickness of till can hardly be more than five
to ten feet.

Such till as is present is bowldery, and the local rock greatly pre-
dominates. Gneiss and crystalline schist bowlders are occasionally
found over the whole mountain, and locally they are abundant.
Locally, also, much shale enters into the composition of the drift.
This is especially true near the outcrops of this formation.

The surface of the exposed rock on Bear Fort mountain is mueh
weathered, and stri*e are rarely preserved, if they were ever abund-
antly developed, as seems doubtful. In the valley esst of Bear Fort
mountain, outcrops of rock are frequent. The till which secure here
is made up principally of the slate, or sandstone, derived from the
local formation.

On Kanouse moun£aln.--Kanouse mountain has more drift upon

its surface than Bear Fort. Though the drift is thin, the total area
where the rock is concealed, is far greater than that where it is
_xposed.

The till is predominantly of material derived from the mountain
itself, but there is a not inconsiderable amount of gneiss and schist
derived from the region to the northeast.

On Green Pond and Copperas mountalns.--The west faces of these
mountains are very generally till-covered. This is especially true
where the slopes are gentle. Oatcrops of rock occur at Woodstock,
and between Upper and Lower Longwood. They are abundant
between the latter place and Berkshire Valley.

The steep east face of the mountain is generally free, or essentially
free from drift. Quantities of talus have accumulated at the base of
the vertical ledges. The crests, both of Green Pond and Copperas
mountains, have little drift, rock outcropping frequently.

While the till of these mountains is essentially local, there is more

or less schist, gneiss and shale commingled with material which is
_tr_ctly local.
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II. STRATIFIED DRIFT.

The stratified drift associated with the Bear Fort-Kanouse-Green

Pond-Copperas mountain belt is chiefly confined to the valleys
between Kanouse and Bear Fort mountains,and between Green Pond.
and Copperas. It therefore lies mainly on the shale or slate.

There are four principal areas of the stratified drift--1 °, at the
south end of Greenwood lake; 2°, north of Postville; 3°, east and
south of Newfoundland, and 4°, at'the ends of Green pond.

In the first of these localities the stratified drift occupies two levels
more or lees separated from each other. The upper series of gravel
deposits occur at about 740 feet, and seem to have been laid down
against ice after it had lost its motion, or at least to have still rested
against it after it lost its motion, since some of them have the form,

of a kame terrace. This is especially true on the west side of the

valley, where the terrace slopes eastward, becoming undulatory and,
kame-like toward the axis of the valley.

In the second of the localities mentioned above, the stratified drift
consists of a small areaof kames, one and one-quarter miles north of
Postville. South of the kames there stretches a plain of stratified
drift, the surface of which is somewhat pitted. It declines from 837

feet to 800 feet in one and one-quarter miles, the mater/al becoming
finer and finer as the surface lowers. The ice edge is believed to have.
stood at the kame area, while drainage from it developed the pitted
plain to the south. North of the kames there are some gravel ridges,
one of which has something of an esker-like form.

At the third locality, east of Newfoundland, there are some well-
developed kames. They lie one-half mile east of the depot. They
are part and parcel of the stratified drift of the Pequannock valley
already described. These kames are probably contemporaneous with
those of Oak Ridge.

The stratified drift at the north end of Green pond is much more
extensive than that at the south. It has the form of a very gently-
undulatory plain sloping southward, the material becoming finer as
the surface declines. Well data show that the depth of the drift st
the north end of the lake is more than fifty-five feet, although the
pond now drains to the south. Data are at hand to show that if the

drift were removed from the valley, it would be deeper north of
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the pond than south of it, and that the valley, the damming of which
has given origin to the lake, was doubtless a tributary to the Pequan-
nock in pre-giacial times.

C. DRIF_ EAST OF THE GREEN POND MOUN-
TAIN RANGE.

I. UNSTRATIFIED DRIFT. TILL.

On t_ crys_ins highlands.--In this area, the drift does not greatly
mask the pre-glaeial surface. The main topographic features are due
to the rock, not to the drift. Till overspreads almost the whole
of the region, though its continuity is frequently interrupted by the
projection of points and ledges of bare rock. The till is of the type
which is appropriateto the region, considering the nature of the under-
lying formation. It is made up of just such material as would result
from the comminution of the crystalline schists themselves. Its
numerous stones and bowlders were derived principally from the
gneiss. Other varieties of stony material are present, but are notably
less abundant in the eastern part of the area than in the western.
This shows that the ice carried less material to the crystalline high-
lands from the Triassic formation to the east, than from the Paleozoie
formations to the northwest.

In the vicinity of the Green Pond mountain range, there is a good
deal of stony material which has been derived from that range. This
includes sandstone, quartzite and comglomerate. The till is richer in
these materials near the mountain than at a distance from it. They
are more abundant at a given distance from the south end of the
range than at the same distance farther north. Thus in the latitude
_f Greenwood lake, Green Pond mountain bowlders make up twenty
per cent. of the stony material of the drift one mile east of the range,
which at the same distance from the southern end of the raoge, the
same mountain has often contributed fifty per cent. of the stony
material which enters into the constitution of the till. Small quan-
tities of material from the Green Pond mountain range extend east-
ward to the limit of the crystalline schist area, and beyond, as will be
noted later.

Stony material derived from the Hudson River(?) formation,includ-
_ng sandstone, shale and slate_is of frequent occurrencein this area.
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At the south end of Greenwood lake the till is largely made up of
material derived from this formation, which outcrops close at hand.
Besides the constituents already mentioned, there is an occasional
limestone bowlder, and, especially toward the eastern partof the area,
an occasional piece of Triassic sandstone.

In general the till has been noticeably weathered and oxidized to
an average depth of about two and one-half feet.

The maximum depth of till known in this area is at Blooming-
dale, where it has a thickness of sixty feet. The till is thicker along
the Pequannock valley than either north or south of it. In the valley,
the till is known to be thirty to fifty feet deep at many places. The
average depth of till for the whole area probably does not exceed

twenty feet. Throughout the area_outcrops arenumerous on the tops
and steep slopes of the higher hills.

.East of thecrystalline scliisthlghlandsand westof thePalisade rldge.m
The topography of the surface in this area is much more largely con-
trolled by drift than in the region just west ; but even here the larger
features are the result of the underlying rock structures. The strati-
fied drift here occupies about one-fourth as much of the surface as
the unstratified. In general the former occupies the lower levels,
especially the valleys, while the latter occupies the elevations and
some of the low plains which are not along drainage lines. The
areal distribution of the till is thus seen to stand in close relationshil_
to the topography. There is also an intimate connection between its
thickness and topography. Where the surface is low and approxi-
mately flat, the till is likely to be thick. It is also frequently thick
between ridges, where till instead of stratified drift is ibund in such
positions. Between Second and Third mountains, south of the Pas-
saic, depths of thirty-five to forty feet are not infrequent. In the
trough-like valley between First and Second mountains, the maximum
depth is still greater.

In many places the crests of First, Second and Third mountains
are nearly free from drift. When present at all, it is often no more
than three to five or ten feet deep. The average depth on the crests
of these mountains is probably not more than three to five feet. Oa
the slopes, too_especially on the steep eastern slopes, it is relatively
thin when not altogether absent. The gentler western slopes are
often well covered.

East of First mountain, on the Triassic sandstone and shale, the
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average depth of till for the northern part of the area is probably

twenty to thirty feet, though depths of seventy and eighty-five feet
are known near Norwood and Kinderkamao respectively. In the

southern part of the area, the average depth of till is probably a little

greater. Here, too, the distribution of the till stands in close rela-
tionship to topography. The sandstone ridges extending from Ridge-
field Park north to the latitude of Cresskill, and from Harrison to

Hackensack and beyond, have relatively thin coatings of till. Rarely

does the till dispose itself in the form of drumlins. The accumula-
tions of till, which might pass under this name, have been referred to

in an earlier report.*
The ,onstitution of the _ill.--Within this region three more or less

distinct types of till occur, the distinction being based on lithological
constitution. These are 1° the gneissic type, 2 ° the trap type, and

3° the red sandstone type. As these names suggest, the extremely
local character of the till is often well shown. The trap type of till

is found especially on the trap ridges, though it frequently covers the
border of the Triassic formation adjacent on the west. This is con-
sistent with the direction of ice motion, which was rather more to the

west of south than the trend of the trap mountains.

The gneissic type of till is confined to the northwestern part of the
area, north of a line drawn through Hillsdale, Ridgewood and Pomp-
ton. North of this line, the till is seldom red, and the absence of this

color indicates the absence or. the paucity of the Triassic material.

In most places the Triassic material is present, even where the domi-

nant constituent of the till is gneiss. Within the area indicated,

seventy to nlnety-five per cent. of the bowlders are of gneiss. South
of this line the till is much less bowldery than north of it.

South of the area defined above, the red type of till predominates,

being derived largely from the Triassic shale and sandstone. The
Triassic type of till becomes increasingly clayey to the south, where
the formation is more shaley than to the north. In the southern part

of the area, especially over the lowlands about Rahway and Elizabeth_

the till is often very clayey, and has an unusually level surface. Its

character and its disposition are such as to have raised the question of

the submergence of this region since the ice retreat. It is now

thought probable that the region has not been beneath the sea since the

last ice epoch, but that it stood so low during the melting of the ice

*Annual Report of the State Geologist for1891_page74.
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thatthewaterfailedtoflowreadilyfromit.To thissemi-submerg-
enceunderice-water,someof thepeculiaritiesofthetillaretenta-
tivelyattributed.WithinthebasinofLake Passaicthetillhascer-
teinpeculiarcharacteristics,whichhavebeennotedelsewhere.*

In additiontothematerialderivedfromthethreeformationsspeci-
fied,therearesomebowldersfromtheGreenPond mountainrange,
from theHudson River(?)sandstone,and occasionallyfromsome
formationof limestonewhichliesnorthof theStateflue.Their

sourcemay be theTriassicconglomeratewhichlocallyiscomposed
largelyoflimestone.
TheHudsonRiver(?)constituentofthetilloccursmuch moreabund-

antlyinthenorthernpartoftheareathanfurthersouth.Itisfound
especiallywestof Montville.Bowldersderivedfromthisformation

weremuchlesswelladaptedtoextensivetransportationatthehandsof
theice,thanthosefromtheGreenPond mountainorgneissforma-
tions.The GreenPond mountainconglomeratesandquartziteshave
notbeenseeneastoftheHackensackvalley.Westandsouthofthis
valleytheyhavea verywidedistribution.They areknown tooccur
atPerthAmboy,andevenon StatenIslandas fareastasAnnadale.
Bowldersofgneissorcrystallineschistarenotrestrictedtothearea

wherethegnelesictypeoftillprevails.Theyoccurinallpartsofthe
area,andevenbeyondit,on thePalisaderidge.
Itistobenoticedthatthestrikeof theformationsinthisregion

isnortheastandsouthwest.The line.ofcontactbetweentheTriassic
formationandthecrystallinehighlandstothewesthas a direction
450to50°westofsouth.Striminthisregionshowthatthedirec-
tionoficemovementwasS.10°to20° W. Thisdirectionofmove-

mentwouldcarrymaterialsfrom themorewesterlyformationsover
tothemoreeasterly,butnotmaterialsfrom themoreeasterlyforma-
tionsto themore westerly.The onlyplacewherethiscouldtake
place is along certain parts of the trap ridges, where their direction
departs from the normal direction of strike of the formations in this
part of the State.

It is to be noticed that there are certain anomalous things in the
distribution of the materials. The easternmost point where Green
Pond mountain bowlders have been seen (on Staten Island) is several
degrees east of south of the easternmost point of the Green Pond
mountain formation in New Jersey. Throughout the whole of the

'_Annual Report of the State Geologist for 1893t page 294.
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intervening area where stri_e have been recorded, the direction of ice
movement was west of south. It is therefore certain that the Green
Pond mountain bowlders found on Staten Island, and in Union and
Middlesex counties, did not come from the Green Pond mountain
range of New Jersey during the last ice epoch. The Green Pond
mountain formation is continued northward into New York, and its
northward continuation is farther east than the range in l_ew Jersey.
It is possible that the bowlders of this formation found in the eastern
part of the area under consideration,came from this northward ex-
tension of the formation. This explanation does not seem to be free
from dit_culties, since the bowlders increase somewhat regularly in
abundance as the Green Pond mountain range within the State is
approached. There would seem to be no good reasonfor this especial
feature of their distribution, if the bowlders at the southern limit of
the ice had been derived from the New York continuation of the
formation.

The other alternative is to suppose that glacier ice affected this
part of the State during at least two distinctly different epochs, and
that during the first the movement was more to the east than
during the second. During the first, the bowlders might have been
carried from the Green Pond mountain range eastward to the Haeken-
sack valley, and to Perth Amboy and Staten Island. During the next,
or any later epoch, the bowlders, if already strewn over the territory
east of the mountain range, might have been incorporated in the new
sheet of drift.

A study of the distribution of the corresponding bowlders in New
York, together with a study of the stri_ in that region, would throw
much light upon this question. If the northward continuation of the
axis of the glacial lobe which lay west of the Palisade ridge be found
to cross the Green Pond mountain formation in New York, it might be
possible to explain the present distribution of the Green Pond moun-
tain bowlders, on the supposition that there was but a single ice
epoch. Otherwise the other interpretation would seem'to be necessary.

Oxidation and weathering.--The surface of the till in this region
does not usually afford direct testimony as to the amount of oxidation
and surfacechange which have taken place since its deposition. The
prevalent color of the till is such that oxidation does not notably
affect it. Where the till is of the trap and gneiss types, oxidation is
more readily seen. The depth to which it has extended corresponds
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in a general way to the depth to which it has affected the till farther
west, viz., two or three feet.

Till on the Palisade rldge.--The till on the Palisade ridge was con-
sidered in some detail iu the Annual Report of 1893.* The stri_
on the Palisade ridge point east of south. This direction of ice
movement, taken in connection with the direction of movement west
of the ridge, makes it clear that the axis of an ice lobe occupied
approxlmately the position of the Haekensack valley and its southerly
continuation. West of the axis the movement was to the west ; east
of it, the movement was to the east. As would be expected under such
circumstances, the material from the Triassic formatiou was carried u_
on the trap ridge to some extent. The Triassic material even predomi-
nates on the west face of the Palisade ridge for some distance above
the junction of the two formations. While the predominant mate-
rials of the till on the trap ridge are always trap and Triassic sandstone_
bowlders of gneiss and crystalline schist are by no means rare. Some
of them are of great size. There is nothing in the character of these
bowlders to indicate that they were not derived from the crystalline
schist highlands of the State ; but considering the direction of stri_
on the ridge, it is more likely they same from the northeasterly con-
tinuation of these highlands in _ew York.

II. STRATIFIED DRIFT.

On the crystalline highlands.--The stratified drift on the crystalline
highlands east of the Green Pond mountain range occurs mainly in
the valleys, along which it is very generally present. Besides its
occurrence in the valleys, small bodies of stratified drift occur at many
points in the form of kames or of small, unclassifiable patches. _'one
of these minor bodies of stratified drift are of great importance, and
nowhere do they assume forms of especial significance.

In the valley of Green Pond brook, there is a narrow belt of gravel
along the stream from Middle Forge to the moraine at Spieertowm
The gravel slopes gradually to the south, and with the decline the
material becomes finer.

Along Beaver brook, gravel is found from Meriden to Rockaway.
Its surface deel_.neeto the south, though not regularly. The stratified
drift of this valley sometimes assumes a more or less kame-like

*Page 177 et _y.
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topography, suggesting the presence of ice at the time of its deposi-
tion. At other points the gravel is disposed as a kame terrace.

In the Roekaway valley, where stratified drift is present, it some-
times has the form of a wide terrace with plane topography, which i_

now and then broken by deep sinks. From Powerville south, the

stratified drift in this valley is remarkable, in that its surface declines

to the northeast, according to the topographic map. The glacial

drainage was in the opposite direction, so long as ice blocked the

Rockaway. It is poesible that the present slope was established after
this valley was freed from ice. The gravel along the Roekaway
north of the moraine is really continuous with the gravel o.f the over-

wash plain which extends from the moraine up the valley of Den
brook, west of Denville, and also east of Denviile, and along the
brook toward Tabor. The level of the gravel in these valleys is

somewhat higher than that of the Rockaway itself, and was probably
laid down somewhat earlier. The abundant gravel deposits along the

gockaway in the vicinity of Boonton, were connected in origin with

lake Passaic, and have been described elsewhere.* The other

deposits of stratified drift which were connected in origin with lake
Passaic have likewise been described _ heretofore, and will not receive
further mention here.

In the valley of the Pequannock there is a little stratified drift east
of Butler. In this direction the stratified drift of the Pequaanock

becomes continuous with the gravel plain of the Pompton river a_

Pompton.
In the valley of the Wanaque, stratified drift has a very much

more considerable development than in the other valleys in the area
under consideration. It is more or less continuous from Hewitt to

Pompton. In addition to the gravel along the main stream, there is

more or less along its tributaries. This is notably true of the valley

of Ringwood creek, and of the creek which drains Sheppard pond.

Just below Ringwood, and again in the vicinity of Boardville, the

gravel covers very considerable areas. Farther south, in the vicinity
of Midvale and Wanaque, the gravel is somewhat extensively

developed on the lowlands, both along the immediate course of the
stream, and along the belt of lowland followed by the railway.

As in all valleys similarly situated, the stratified drift along the

_Annual Report of the StateGeologist of NewJersey, 1893_pages 277-284.
_Loc. cit., page_277-289.
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Wanaque declines to the southward. The rate of decline is greatest

just south of Ringwood, being thirty to forty feet for the first mile.

Below this point, its decline is about twelve feet per mile. Except
locally, its topography is not notably irregular. Topography which

is thought to be characteristic of deposits made against stagnant ice

occurs at a few points, especially, l °, near BoardviUe; 2°, a mile

south of that place; 3 °, half a mile west of Midvale, and for a mile
or so farther south.

The gravel does not decrease in coarseness from north to south with

regularity. It is relatively coarse at Ringwoed, near Boardville, and

again a mile north of l_idvale. From all thess places its coarseness
diminishes southward. In this variation in coarseness is found

another ivdicatlon that the gravel of the valleys was deposited in
sections.*

The other areas of stratified drift of the crystalline highland area
east of the Green Pond mountain are small, and need not be sepa-

rately mentioned in this connection.
Oa the Trinssio.--Stratified drift is very much more abundant in

this area than in any other part of the glaciatsd territory of New

Jersey. Between tim Palisade ridge and a line drawn from Pompton
to Newark, the total area of stratified drift is approximately equal to
that of till. South and west of the above line, the ratio of stratified

drift to till is much less. The stratified drift is found along all the
valleys, and occupies much low land which does not border streams.

It occurs at higher levels to the north than to the south. Its levels

in different valleys are iudependent of each other, especially to the
north, where the several valleys are most distinctly separated. Near
the northern line of the State, its altitude is ninety feet in the valley

of the Hackenssck, 140 feet in the valley of the Pascack, 240 feet in

the valley of the Saddle, and 300 feet in the valley of the Ramapo.

Traced southward in each of these valleys, the level of the stratified
drift reaches the level of the sea about the area at the head of Newark

bay. It follows that in its decline to the south, the stratified drift in
the various valleys is not regular. In latitude 40 ° 54', the upper
levels of the valley drift in the above valleys is as follows : Iu the

Hsckemack, which has received the Paseaok_ forty feet; ia the

Saddle, sixty feet; in the Paesaic, which has received the Ramapo,

fifty feet.

*'See aMe, page_ 45-_.
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It is to be noted that there is much stratified drift in this area

which cannot be called valley drift. The above figures refer to the
latter. The changing gradients of the valley drift are such as to
indicate that it was not deposited chiefly after the ice had receded
beyond the bordersof the State, but in successive sections while the
ice was withdrawing. During its withdrawal the ice seems to have
halted at various points. Just below the pasitious of halting, depo-
sition was going on, filling the valleys and covering the adjacent low-
lands, establishing there a somewhat definite gradient, or aggradation
level. After establishing a definite aggredation level for a certain
portion of the valley below its edge, the ice appearsto have receded
again somewhat promptly for a short distance. In the part of the
valley freed from ice by this recession, deposition took place, and
a new aggradation level was established for this part of the valley,
more or less independent of the one below. Farther recessiongave
rise to similar filling in a section of the valley still higher up_and
SO On.

Extra-valley stratified drift occupies the low inter-stream areas
more or less generally. It was not deposited by streams after the ice
withdrew from these areas, but by water as it issued from the ice, or
perhaps even under the edge of the ice as the latter became inactive,
or as it approached inactivity. The stratified drift which occupies
the inter-stream areas is usually coarser than the valley drift, and
occurs at higher levels. It often slopes to the drift in the valleys, so
that there is not usually a sharply-marked topographic limit between
them.

In some of the valleys there are several places where the edge of
the ice seems to have halted in its retreat. These positions are indi-
cated by the behavior of the stratified drift. In some cases the halts
in the various valleys may be correlated with each other with some
degree of probability, though it is far from certain that the edge of
the ice became stationary in all valleys at the same time, even where
it became periodically stationary in each.

The first position where the edge of the ice seems to have remained
stationary in its retreat from the moraine, is marked by the belt of
the moraine-like kamce extending from Waverly to Wsstfield. It is
possible that the moraine-like accumulations of drift in Harrison
should be connected with this stage, though this is not certain.

A second halting place of the receding ice seems to be indicated by
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the semi-moraine-llke accumulation of drift which extends inter-

ruptedly from North Newark to Cedar Grove. Below this belt, from
Riverside to Newark, the stratified drift along the Passaic has an
aggradation level independent of that farther up the valley.

In the several valleys of the area there are localities which seem to
mark halting places of the ice for the valleys individually. At these

various points, the ice front seems to have stood fora sufficiently long
time to give rise to some little amount of marginal accumulation, and
to interfere with the regularity of the slope of the valley drift. The
more marked halting places in the several valleys are as follows :

1% In the .Passaic valley, at Delawanna, Garfield and Paterson,
and at the head of the tributary valley which comes down from Van
Winkle, near Paterson. The gradient of the valley drift below
Paterson, seems to be altogether independent of that above. 2° . In
the Ramapo valley, the ice edge seems to have remained stationary in
position for some little time at Oakland, at a point three miles above
Oakland, and again three-quarters of a mile south of Darlington.
From each of these three positions the surface of the valley drift
Mopes southward somewhat regularly, after the fashion of a valley
train. But each of these positions seems to mark the head of a train
independent of the others. A fourth gradient exists above Darling-
ton, the head of which is north of the State llne. 3° . In the valley
of the Saddle river, stationary positions of the ice front are not clearly
marked. One is suggested by the kames between Areola and
Rochelle Park. 4 °. In the valley of the Haokensack the ice edge
probably lingered for some time near Hackensack, and again in the
latitude of Rivervale. At this point there is a series of kames, from
which there extends to the south a well-defined overwash plain of
stratified drift, which is independent of the valley drift above the
kamee. 5_. In the valley of the .Pascaok, above its junction with
the Hackeusack, a stationary position of the ice edge is indicated by
the kamee at Montvale. From them a well-marked valley plain_

stretching to the south, takes its origin. 6° . In the valley of the
TienekiU, two temporary halts of the ice edge are indicated, the one
at Highwood, and the other at Demarest. At the former place there
are two sharply-marked kames, from which a well-defined gravel

plain stretches to the south at a level altogether independent of the
level of the drift in the valley to the north. The halt at Damarest is
believed to be marked by the striking series of kames in tha_ vicinity.
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A few words may be added concerning the stratified drift of the
_everal valleys individually.

In the Ramapo valley.---Stratified drift borders this valley on one
or both sides meet of the way from the State line to Pompton. The
width of the belt is usually a quarter to a half mile, rarely more. In
some parts of the valley the stratified drift has the form of kames ;
in others it assumes the form of kame terraces, though never sharply
defined, while in still others, it is disposed as a plain. Irregularities
in its disposition occur a mile south of the State line, at Darlington,
especiallywestof theriver,andatseveralpointsbetweenDarlington
andOakland.

The moststrikingfeaturein thedispositionofthedriftof this
valleyisconnectedinoriginwiththehaltsoftheicealreadyenume-
rated.The dispositionofthegravelinthisvalleyseemstoshowfive

more or lesswell-definedhaltingplacesof theice.I.The valley
plainofgravelextendingfrom theStatelinetoa pointnearDar-

lington(ab,Figure4,PlateI.)appearstohavebeenmadeatonetimer
aRertheicehadretreatednorthoftheStateline.Ithasa distinct

southwardslopefrom290or300feetattheStateline_to270or280

feettwoandone-halfmilesfartherdown thestream,nearDarlington.
2. JustbelowDarlingtonthevalleygraveloccupiesa higherposition
thantothenorth--about300feet.From thispoint(o)itssurface
descendsto280feetinonemile(d),thoughthesurfaceisbyno means
regularinitsdecline.3.Two milesbelowDarlingtonthelevelof
thevalleydriftisagainhigherthantothenorth.The risefromthe

northisaccomplishedby a steepslopeup to a delta-likebodyof
gravel(ef) havinganelevationof300feet.To thesouthitssur-

facedeclinesto250feetwithina mile.Justnorthofthisflat-topped,
delta-likebodyof gravelthereisa kame ata considerablylower
level,showingthatthevalleyjustabovetheplainmusthavebeenoccu-
piedby icewhiletheplainwas in processofgrowth. 4.A mile

below(twomilesaboveOakland)theheightof thevalleygravel
againrisesinpassingsouthward,attaininga levelof about280 to
290feet(h).Thiselevationismaintainedfora distanceof oneand
one-halfmiles,nearlytoOakland. Alongthisstretchthestratified

drifthas a topographycharacteristicof materialdepositedagainst
ice.5.The levelof thegravelinthevalleyagainrisesnotablyat
Oakland(1),havinganelevationof320 feetinthenorthwesternpart
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of the village. South from Oakland the gravel becomes fiQer and
contains a ]argar percentage of sandy and earthy material.

The constitution of the gravel of the Ramapo valley indicates that
even the stratified drift of the valleys is largely influenced by the
subjacent terrane. North of Darlington the gravel is principally
composed of gneiss. A mile south of Darlington the valley cresses
the trap ridge, and trap enters promptly into the composition of the
valley drift. Farther southward the gneiss and the trap become less
abundant and the Triassic sandstone increases.

The greatestdepth of gravel known in this valley is 117 feet.* At
Oakland stratified drift is known to have a depth of eighty feet.

_lralified drift between the RamaTu and the Sadd_ rivers.--Eest of
the Ramapo valley, about Franklin lake, and from that lake to
Crystal Lake station, there are considerable and somewhat unusual
areas of stratified drift. The gravel area northwest of Franklin lake
was probably made when the edge of the ice stood at its northern
border. Its surface slopes to the southeast. Its northern and north-

western slopes are steep, and were probably built against, or out from,
the ice front. The plain is marked by various depressions which are
believed to represent the position of ice blocks when the gravel was
being deposited. Franklin lake occupies one of these depressions."
From this plain a series of kames extends northward to Crystal
lake and beyond, the topography being notably rough at several
points.

About Wyckofl"there is a large areaof kamss, having a very rough
topography. The swells are often so ridge-like as to suggest eskers_
and the depressions are correspondingly elongate. South of the
kames proper, a pitted plain stretches to the south for a distance of
two and one-half miles. There is also stratified drift to the southeast,
along the railway from Wyckofl'to Wortendykc, but it has no distinct
topographic form. North of Wyekoff there is an abundance of strati-
fied drift for three or four miles along the valley of the creek tribu-
tary to the Ramapo at Darlington. This was doubtless deposited
before the outlet to the Ramapo was open. The gravel here fre-
quently assumes the form of kames. There is also a small esker
associated with the gravel of this area.

In the Mahwah ralley.--Kames and eskers, as well as gravel of no
distinct topographic form, occur in the valley of the Mahwah, tribu-
_ T

*Annual Report of the State Geologist for 1877.
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tary to the Ramapo near the State line. The kames are e_pecially
well developed in the valley south of Mahwah for a mile and a half.
Eskers and esher-like kames occur on the east side of the railroad

from the State line to Ramseys. The eskers are on the east side of
the valley. They are mainly very short, add their courses are
oblique to the slope, their northern ends being higher than the
southern ; nevertheless, instances are not wanting where the eskem
locally ascend (to the south) slopes in some of their windings. E_kers
have some development about Ramesys, as will be noted later. There
is an undulatory tract of stratified drift" at Allendale, and smaller
areas at a few points both north and south of that village.

In the Saddle river valley.--S_ratified drift occupies the valley of
the Saddle river from the State line southward to Garfield. The

gravel has an elevation of 240 feet at the State line. Its surface
slopes to the south, with a generally diminishing gradient. The fol-
lowing figures express its decline for the intervals noted: For the
first mile from the State line, forty feet ; for the next two miles, sixty

feet (average of thirty feet per mile) ; for the fourth, twenty feet ; for
the fifth, ten feet; for the sixth, ten feet ; for the seventh, thirty

feet; for the eighth, ten feet; for the ninth, ten feet; for the tenth,
ten feet. The rapid decline in the seventh mile from the State line
doubtless means that the ice edge made a halt just above this high

gradient, long enough to establish it.
South of Hohokus, the valley belt of stratified drift widens rapidly,

and becomes continuous with the gravel of the Pa_caek and Hohokus
ereeks. Still farther to the south and southwest, it becomes continu-

ous with the gravel of the Passaic, although not covering all the sur-
face intervening between these streams. Here and there swells of
till rise above the level of the sand and gravel.

In the Passaic valley.--From Paterson east and south, the gravel in
the valley of the Passaic haB the form of kames, kame terraces, and
plains. There are also irregular accumulations which cannot be
placed in any one of these categories. As already indicated, several
distinct positions of the ice front are indicated by the deposits of this
valley between Newark and Paterson. The general southward slope
of the valley drift is interrupted at these positions.

In the valley of the paseack.---Stratified drift is found along this
valley continuously from the State line to Hillsdale. Below Hills-
dale it spreads out so as to become continuous with the stratified drift

5
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of the Saddle river valley on the west, and with that of the Hacken-
sack on the east.

Between Park Ridge and Montvale, there is a bunch of kames in
the valley from which the gravel plain to the south may be said to
take its origin. The surface of the stratified drift declines regularly
to the south with a continually decreasing slope to Hilisdale and
Westwoed, the material becoming finer at the same time. The topog-
raphy of the valley drift is often marked by sinks, lees commonly by
kame-like elevations. It is more of a plain than most of the gravel
along many of the valleys of northern New Jersey. It is probable
that stagnant ice occupied the center of this valley much of the way

from Park Ridge to Westwood, while stratified drift was being
_depesitedon either hand.

Zn the Haclcensact__u//ey.--Along the valley of the Hackensack,
stratitled drift occurs more or less continuously from the State line
south to the head of Newark bay. The disposition of the sand and
gravel in this valley is comparable to that of the valleys already
mentioned. It declines to the south, but there are notable irregulari-
ties in its slope. It is interrupted here and there by kames which
stand somewhat above the general level.

There are a few places where the gravel assumes forms of peculiar
significance and interest. Near the Anderson Street station, in Hack-
ensack, there is a fiat-topped gravel plain having somewhat the form of
a delta. It rises somewhat promptly about twenty feet above the
sand plain about it, though the slopes are not normal delta slopes.
The north elope of the plain falls off abruptly, especially near the
west border. The east slope is gentle. The upper surface of this
plain is essentially level. There is much in the topography and sur-
roundings to suggest that it is a delta plain, but it seems to lack
thedecisivemarks.

Abouta quarterof a mileeastof theLittleFerrydepot,thereis
whatappearstobea lowspitstartingata heightof twentyfeet,and
slopingsouthward.

In thevicinityof theHackensackvalley,thoughnottobeclassed
asvalleydriftinthestrictsenseof theterm,therearesome notable

kamesandassociatedplains.The mostremarkablearenortheastof
Rivervale.Here thereisa well-markedhorse-shoe-shapedkame
area,referredtoin theAnnualReportfor 1892.* For thiskame

'_Page93.
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,belt the name of kalns, moraine was suggested, beth because of its
moraine-like topography, and because there stretches southward from
_t a gravel plain comparable, in all respects, to an overwash plain out-
_ide a moraine. This plain connects with the sand and gravel of the
_assack, at Hil]sdaie. It declines regularly to the south, having an
elevation of no more than forty feet at Oradell. It is also continu-
ous with the stratifieddrift farther south along the Hackensack. It
,is interrupted at intervals betweenRivervaie and Randall by till hills
which rise above it. The plain is further interrupted by the consid-
erable valleys of the Passaek and Hackensack.

Below the coalescence of the Paseack, Saddle river and Hohokus
gravel plains, the joint plain has a continuous decline to the south-
ward. It connects with the valley drift of the Passaic at Hawthorn.

The average depth of the"stratified drift in the northeasternpart
.of the State, in the broad depressions between the Palisade ridge and
'the crystalline highlands to the west, is estimated to be about sixty
feet. The depth, however, is by no means uniform. At Delawanna, in
the valley of the Passaic, sand and gravel have been penetrated to a
depth of 108 feet, or to forty feet below sea-level, without reaching
rock. At Hackensack, in the valley of tke same names sand and
clay have been penetratedto a depth of 215 feet, or to a depth about
200 feet below see-level. At Oradell, sand and clay are reported to
extend to a level 170 feet below that of the sea. Near Little Ferry_
on the west side of the Hackeusack valley, the surface of the rock
•lies 50 to 100 feet below sea-level. Between Englewcod and High-
_wood,rock is said not to have been reached at a depth fifty feet below
•the level of the sea. Nearer the ridge, in the same latitude, the rock
_urface is sixty feet below the ssa-level. At Closter, the surfaceof the
rock at one point is known to be forty feet below the sea-level. These
data are sufficientto indicate that the pre-glaeiai valleys of this region
were much deeperthan the present. They tell of an elevation greater
than that of the present at some time preceding the last glacial epoch.

Stratified drift about the borders of the swamp at the head of Newark
6ay.--Thers is a narrow and discontinuous border of stratified drift
along the highlands west of the marsh. It now and then takes on
something of a terrace aspect. At Carlstadt, it is disposed as a terrace
at an elevation of thirty-five feet. It occurs at a corresponding level
_south of Carlstadt, but does not here assume a distinct topographic
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form. At Kingsland the sand and gravel of the Passaic extending-
south from Lyndhnrst connect with the stratified drift along the"
border of the marsh. At Schnyler's Corners, south of the Arlington.
cemetery, there is a gravel ridge near the marsh, having a height of
six to ten feet, which has the aspect of a ridge formed along the shore
of a body of standing water. It may well be a beach line.

Stratified drift also occurs about the islands in the tidal marsh.

One and one-half miles south of Secaucas, at the point of the.
island, and east of the Erie railway, there is a spit-like ridge having:
a maximum elevation of between ten and twenty feet. Just south
of the Snake Hill station of the Delaware, Lackawanna and Western.

railway there is also a spit-like gravel ridge at an altitude of about
ten feet. It is disconnected from the higher land east of the depot,
from which the material must have been derived, were the ridge
formed as a spit. It is possible that the break is artificial.

About Moonacbie, there is stratified drift up to levels of twenty or

thirty feet. In some places it is terraeiform,while in other placee its-
original disposition has been obscured by the action of the wind..
The stratified drift at the west base of the Palisade ridge was
described in the report for 1893,* and further reference to it need,
not be made here.

Decisive evidence concerning post-glacial submergence might have.
been expected about Newark bay. Unfortunately the evidence which
is found is as equivocal as it could well be. The tentative con-
clusions reached by earlier studies are the best which can now b_

enggested.J" If the sea-water stood higher than now, relative to the-
land, while the glacier ice occupied northern New Jersey and its sur-
roundings, as seems Imesibl% its rise above the present tide-level
appears to have been slight, and may as well have been due to the-
attractive influence of the ice, as to sinking of the land. There is
now no evidence at hand to show that it continued to stand above its

present level, after the ice disappeared.
South of Newark stratified drift has little development except in,

the valleys of the Elizabeth and Rahway rivers. It is locally plen-
tiful along these streams.

Between the crystalline highlands and the Palisade ridge there are-

"_Page 195.
_fAnnual Report of the State Geologist for 1893_page 208.
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_any notable kames and kame areas. These have already been
¢eferred to at some length in an earlier report.* There are also a
number of eskers in the region, most of which were referred to in the
report just mentioned. The more notable ones were there described
.at some length, and further description will not be given here.

aAnuuM Report for 1893, pages 84-95.
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SECTION II.

THE GLACIAL STRI._ OF NEW JERSEY.

.Distribution.--Strim occur at intervals throughout the whole of
the area covered by ice during the last glacial epoch. So far as the
record goes, they appear to be distributed very unequally. This
apparent inequality is due chiefly to three causes---1°, the variation
in the frequency of rock exposures, due (a) to the unequal thickness
of the drift, and (b) to the varying frequency of excavations;
2°, the more rapid weathering of some rock surfaces than of others ;.
3°, the difference in the hardness and texture of the different rock
formations, in consequence of which some were more readily striated
than others.

The drift of New Jersey is thickest in the northern part of the

State between the Palisade ridge on the east and the crystalline high-
lands on the west. This is the area of the Triassic formation.
Within it, the drift is thicker where the underlying rock is sedimen-
tary, and thinner where it is trap. This distribution of the drift is.
due to topography, not to variations in the character of the rock,
though it is the hardness of the trap as compared with the shale and
sandstone, which has given rise to the ridges. On the whole, stri_,
have been least frequently recordedwhere the underlying rock is the
sedimentary part of the Tri_ic. This is due chiefly to the fact that
the rock is so rarely exposed. The rock itself is not ill-adapted t_>
receiving strim, and it has been so generally covered by drift since the
glacial epoch, that glacial markings cannot have been obliterated.

On the thinly-covered trap ridges of the same general area, recorded
stri_eare numerous. On the Palisade ridge they appear to be much
more abundant toward the southern end than toward the northern.

This is doubtless because there is a very much larger number of ex-
cavations in the former region. Throughotlt the State strim appear
to be much more frequently recordedalong the roads than elsewhere.
This is partly because the surface near the roads has been examined

in more detail than intermediate areas, and partly because excavations-
are much more frequent in such situations than elsewhere. These

facts illustrate the first point noted above, viz. : that the inequality of
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the distribution of recorded strhe is due in part to the varying
frequency of rock exposures, either natural or artificial.

The effect of weathering on striveis well shown in the limestone
belts. With very few exceptions striveare not found on the limestone
of Warren and Sussex counties. Outcrops are abundant, but the
natural outcrops are, without exception, free from strive. It is only
where recent excavations made by human agency discover a surface
of limestone which had been continuously covered since the glacial
period, that strivehave been found upon it. It must be believed that
strivewere very generally present on the limestone at the outset, since
the rock is admirably adapted to receiving them. The conclusion
that they have been obliterated by weathering in post-glacial time,
except where efficiently protected,seems to be the only one to which
the facts lead.

The surface of the crystalline schist weathers much more readily
than the surface of the trap, the Hudson River formation,or the rocks

of the Kittatinny and Green Pond mountain ranges. Over most of
the crystalline schist area where rock exposures occur, they are natu-
ral. This means that the exposed eurface_ have not been protected
since the retreat of the ice, aud any glacial markings they once pos-
sessed have largely disappeared. The crystalline schists are less well
adapted to receiving scratches than some other sorts of rock, because
of their superior hardness.

Recorded striveare most abundant on the shale and sandstone belts

of the western part of the State, and on the trap ridges. These for-
mations seem to have been well adapted both to receiving and retain-
ing the strive.

The total number of localities where strivehave been recorded in

Warren countyis 35; in Sussex county, 77; on the crystalline highlands
west of the Green Pond mountain range and east of Sussex county,
12; on the Green Pond mountain range, 7; on the crystalline high-
lands east of the Green Pond mountain range, 6 ; between the crys-
talline highlands on the west and the Hackeneack valley on the east,
63, mainly on the trap ridges; on the Palisade ridge, 180. In all
eases the records represent the average direction in the immediate
locality of observation, if all strive of that locality are essentially
parallel. Where there are two or more notably divergent systems of
directions, they are recorded separately. The 380 records of strive
for the northern part of the State by no means represent all that
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have been observed. In many localities numerous closely associated
rock exposures show striae in directions so nearly the same that but
a single record was made for the many.

Directions.--In general it may be said that the striae upon ihe
Palisade ridge indicate that the ice here moved considerably east of
south. West of the Palisade ridge the striae in general have a direc-
tion west of south. To this general direction there is a single
locality which constitutes a notable exception to the rule. This is in
the vicinity of lake l_opatoong, where the course of all markings is
east of south. While the strlm over most of the State point some-
what west of south, the amount of westing _ttries greatly.

On the whole, the striae show that the ice was influenced to some

extent by the underlying topography, but that its motion was by no
means strictly dependent upon topography. This independence
clearly indicates that the thickness of the ice at the time of its maxi-
mum development was considerably more than enough to overtop the
mountains of the northern part of the State. The easterly movement
of the ice from the valley west of the Palisade ridge over the ridge
itself, was a movement which must have taken place in spite of the
obstacle which the ridge itself constituted to glacier motion in this
direction. Along the Green Pond mountain range, as also along the
Kittatinny mountain, the direction of movement was not parallel
with the trend of the range. The same general relation is shown
along the Watchung mountains. These several examples clearly illus-
trate the fact that the direction of movement was measurably inde-
pendent of topography. The general direction of ice movement is
shown on the accompanying map (Plate II.) The directions here
indicated are considerably generalized, the scale of the map being too
small to show the very considerable deflections occasioned by the

larger topographic features.
In many localities striae are found which are not parallel to each

other. The varying directions may be seen on the tame surface or on
closely associated surfaces. On a given surface, the inharmonious
linings may be arranged iu two or more sots, each of which has a
definite, measurable direclion. In other cases there are striae pointing
in all directions between certain limits, and the degree of discordance
may be great.

Discordant a_td crossing strt'ee.--Sharply crossing sets of striae are
relatively rare, though not unknown. Discordant striae of the other
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• ort are frequently seen. These discordant and crossing stri_ were
_robably made at different stages in the ice epoch, when the ice had
_omewhat different directions of movement. Local topographic
"featureswere much more effective in controlling the direction of
motion when the ice was thin, than when it was thick. The ice must
have been thin in each situation at least twice in the history of an ice
sheet--once while the ice was developing, and once when it was dis-
:appearing. Between these two periods, the ice was relatively thick.
The apparent lack of harmony in the directions of stri_ at the east
base of the Kittatinny mountain, and in some other comparable situa-
tions, is doubtlsss to be explained by the supposition that they were
• aade at somewhat different times, and that each direction recorded
represents a more or less temporary direction of movement.

8tri_ west of the crystalline sohi_t highlands.--The testimony of
_bserved stri_ on Kittatinny mountain and in the Kittatinny valley is
sneh as to allow certain more or less detailed conclusions concerning
the directions of the ice movement to be based upon them. These
vzill be considered geographiea]ly from west to e_t.

1. West of the Kittatinny mountain the ice movement seems to
have been approximately parallel to the strike of the formation, and to
the trend of the more prominent topographic features, that is, about
ft. 40 ° W. So f_ as data aho% deviations from this general dlrec-
_ion seem referable to minor topographic features.

2. In Pahaquarry township, Warren county, and in the southern
_art of Walpack, where the Kittatinny mountain is only a narrow
¢idge, the ice moved across the top of the ridge in a direction some-
what more southerly than that of the trend of the ridge itself, and
_omewhat more southerly than in the adjoining part of the Kitta-
tinny valley. The stri_ here point from S. 11° W. to S. 25° W.
_corrected),with local variations due to local topography.

3. On the northern part of the Kittatinny mountain, where the
range widens out into a broad ridge or plateau, the direction of move-
ment across the crest was radically different from that farther south.
_tri_e are not accessible over the larger part of the surface, but on the
higher part near its eastern margin, they are abundant. At the
eastern foot of the escarpmentthey are approximately parallel to the
trend of the mountain, that is, about S. 40° W. Toward the summit
of the mountain, the wssting increases gradually. At the summit it
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increasesat a hound, and the strim point, in one case at least, as much
as ]_0° north of west.

Though some of the extraordinary directions may be the result of
local topography, the sudden westerly turning of the strim on the
crest of the ridge is a general fact. Many of the strlm pointing some-
what north of west are certainly not due to local deflection. When
studied in relation to their associations, the stri_eof this part of the
mountain show that the ice was kept from moving so much to the
west as it otherwise would, by the eastern escarpment of the mountain,

and that so soon as it surmounted the crest, it yielded promptly to the
westerly tendency.

4. Along the esstern base of the Kittationy mountain, the ice,
movement was approximately parallel to the trend of the escarpment_
though the strJm are not all harmonious in direction. The base of a
mountain range is just the place where direction of movement was.
likely to vary much during the history of glaciation. East of the
base of the Kittatinny mountain, the westing of the strim le_ens_
and throughout the western half of the valley the movement was
more to the west than in the eastern half. Between the northern end

southern ends of the valley, there is little difference in the direction of

stria in the west half, though the wssting increases very slightly to
the south.

5. Along the eastern and lower side of the Kittatinny valley, the
movement was notably more southerly than over the higher slate hills
along the western side. The average direction of the strim along the
eastern side of the valley is S. 18° to S. 28° W. (corrected). This is a
direction considerably more southerly than the trend of the valley itself,
or than the trend of the steep front of the high laud bordering it on the
southeast. If the strJ_ein the northern half of the east side of the

Xittatinny valley be compared with those in the southern half, it is.
found that the former have an average direction 28° west of south,
and the latter an average direction 20° west of south (the anoma-
lous direction on Jenny Jump mountain not being included). These
figures show that along the eastern side of the valley the motion was
morewesterlyinthenorthernthauinthesouthernhalf.
The diminutionin thewestingofthestri_efrom thewestsideof

theKittatinyvalleytotheeastisstillfurtheremphasizedwhen the
striaon thehighlandtotheeastarestudied.On thishighlandtho
westing]esssn_,especiallytothesouth,untilitdisappearsaltogether,
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and about lake Hopatcong actually gives place to a slight easting_
Thls means that near its limit, the motion of the ice was obliquely
toward the Green Pond mountain, and essentially at right angles to.
the moraine close at hand.

Stri_s on the crystalline highland area.--The glaciated part of the
crystalline highland area is divided into two approximately equal
parts by the Green Pond mountain range. On the western side of
this range, strim were found at but fifteen localities. Of these, three
were not on the crystalline schist proper, but on the other formation_
which lie at the west base of Bear Fort mountain. They are so
closely associatedwith the stri_eof the crystalline schist area, that they
are best considered in this connection.

The average direction of the strize on the crystalline highland area
west of the Green Pond mountain is about S. l0 ° W. The maxi-
mum westing is 8. 45° W. at the south end of Clinton reservoir.
The minimum westing is an casting of 27°. This occurs on the west_
side of lake Hopatceng one and a half miles southwest of Hurd-
town. l'n the northern half of the crystalline schist highland area
west of the Green Pond mountain range, the movement of the ice
was considerably more to the west than in the southern half. The
average direction of the strim north of the lake is about 20° west of
south, while the average direction south of the lake is about 14° east.
of south. Passing from north to south in this area, the strlm do not
show n nniformly-deereasing wesfiag. Within the northern half of
the area there is very little differencein direction between the eastern.
and western portions.
Withinthisareatherearea fewstri_whichdo notappeartocon-

formtothegeneraldirection.The mostanomalousdeviationoccurs.
eastofDnnker'spond,wherethestrimpointinadirectionS.7° E._.
wherea_ in the immediately-surroundlng region all known strlm point,
considerably west of south. At other points, also, the stri_edepart
from the normal direction. These variations are probably the result,
of the difi_erentdirections of movement of the ice in the same place
at different stages in the history of ice movement. Distinctly-cross-
ing strim are found at but one point, viz., at the southwest end of
Clinton reservoir. Here there are three sets with directions of 8. 45_

W., S. 30 W., and 8. 10° W., respectively.
On the Green Pond mountain range itself, including Bear Fort_

Kanouse and Copperas mountains, strim have been recorded at but

NEW JERSEY GEOLOGICAL SURVEY



76 ANNUAL REPORT OF

seven localities. Their general course is west of south. The maxi-
mum westing is S. 570 W., a mile and a half north of Postville, on
the east side of Bear Fort mountain. The minimum westiug is on
Copperas mountain near the Davenport mine, where the strive have a
direction of S. 3c E. The average direction for the entire range is
about S. 17° W. The average direction for the northern part is S.
23 ° W.,while for the south part of the range it is S. 5° W.

On the crest of the ridge there is a uniform decrease in the westing
from north to south. At the north end, the direction is S. 22 ° W.,
near Terrace pond, while toward the southern end the directions S.
7° W. and S. 3° E. are found. This decrease in westing from north
to south on the crest of the range is in accordancewith the decrease
in westing on the highland region west of the mountain, as shown
above. On the whole, the strive on the crest of the range have a
westing considerably less than the trend of the mountains themselves.
The maximum westing on the crest is S. 22° W., while the trend of
the range imelf is about S. 40° W.

On the west slope of the mountain, stri_ewere found in only two
places. These were in accordwith each other, their direction being
S. 42° W. The westing in these cases is much more considerable
than that of the striveon the highlands west of the range, and more
-considerablethan that of the range itself. The westward slope of.the
range may be responsible for their apparent excess of westing.

On the east slope, strivewere found only north of Newfoundland.
On this slope the westing increases to the south. This is contrary to
the change in d[rectlon along the crest of the mountain, where the
westing decreased to the south ; but the number of striverecorded on

the east face of the mountain is so small that from them it is perhaps
unsafe to generalize. A few of the striveare worthy of note. In the
latitude of Greenwood lake they have a course of S. 5° E. to S. 12°
W. A little farther south ; in the latitude of Cedar pond, the direc-
tion is S. 570 W. These recorded striveare on the east slope of the
mountain. In the first locality the direction is less westerly than the
direction of the mountain range, and less westerly than most of the
strivein the same latitude west of the range. In the second locality,
Cedar pond, the reverse is true. Here they have a greater westing
than either the mountain range or the striveon the highlands west of
"therange. No strivewere found on the summit in the same latitude,
_withwhich to compare these directions.
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On the crystalline highlands east of the Green Pond mountain
range, strim were recorded in but six localities. Though frequently"
exposed, the rock is rarelystriated. The average direction is about S.
20° W. The maximum wearing is S. 62° W., north of Montville_
The minimum westing is S. 10° W., one mile southwest of Midvale.
Compared with the average direction on the Green Pond mountain
range, the ice movement was more westerly east of the range than on
it. Compared with the average direction of the strke on the high-
lands west of the range and north of lake Hopatcong, the movement
had nearly the same direction. On the whole, it would appear that
the westing in this area increased slightly toward the Green Pond
mountain, and that it also increased from north to south.

From a study of the stri_eof the crystalline schist area as a whole,
including the Green Pond mountain range, it seems that the stri_
have rather less westing on the range than on either side of it ; that
they correspond much more nearly in direction in the northern half
of the area, than in the southern; that in the southern half, on the
west side of the Green Pond mountain range, the movement not only
]eat its wearing altogether, but was actually to the east of southr
toward the Green Pond mountain range itself; that on the east side
of the Green Pond mountain range in the southern part of the area,
the westing of the strke increased. The movement, therefore, seeme.
to have been somewhat toward the south end of the Green Pond

mountain range from either side.
It will be observed that on the west side of the Green Pond moun-

tain range, where the direction of the etrim is east of south, the
latitude is essentially that of the south end of the mountain range.
It is to be noted also, that the maximum westing of strlm found in
the whole area is on the east slope of Bear Fort mountain, S. 57° W.,
a direction notably more to the west than the courseof the range
itself, although the general direction of stri_e in the region is [es_
westerly than the course of the mountain range.

Stric_ west of the Palisade ridge and southeast of the _r!/s_allin¢
higMands.--Within this area etri_e are numerous, especially on the
trap ridges. They have been recorded in sixty-throe localities.
They take the form both of minute scratches and well-developed
grooves, though the former are more abundant than the latter. The
average direction in this region, barring deflections which np_

be the result of local topographic features, is about S. 60° W. The
1

.... J
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_veating is rather greater in the northern part of the area than in the
southern, a condition of things just the reverse of that which is true
in the highland area to the west. Toward the southern portion of
the drift-covered area, as the moraine is approached, the direction of
the strim seems to shift so as to assume a course approximately at
right angles to the direction of the moraine.

The maximum wearing in this region is S. 78° W., on the summit
of the mountain west of Paterson. The minimum wearing recorded
is due south, at Mountain View, due probably to local topographic
relations. In the northern half of this area there is very little difl'er-
once in the direction between the eastern and western portions where
etri_e are recorded, but in the southern half, the wearing is much
greater in the western portion than in the eastern. Indeed, on Snake
hill, some of the strim point east of south. Within this area the
trap ridges had much influence, locally, in determining the direc-
tion of ice movement at the time when the recorded strim were made.

Thus at the eastern base of that part of Third mountain lying south-
west of Mountain View, the strim have a direction S. 15° to S. 27°
W., while on the west side of the same mountain they range from S.
67 c to S. 620 W. The stri_ on Second mountain have a similar be-

havior. Snake hill also exerted a diverting influence on the ice, and
the discordant directions on various parts of that hill are doubtless
due to its own deviating influence.

Comparing the etrlm of this area with those farther west, it is
to be noted that the strim southeast of the crystalline highlands
have a westing considerably greaterthan that of the strim on the high-
lands themselves.

Stri_ on the Palisade ridge.--On the Palisade ridge recordedstri_e
are very abundant. They are found in all latitudes from the north-
ern boundary of the State to Bergen Point. With the exception of
the few stri_ at the western base of the ridge toward the south end,
the strim all point east of south. The easterly divergence is more
toward the north end of the ridge than toward the south. The de-
crease in casting is from S. 74° E. in the latitude of Closter and
Alpine, to S. 43 a E. in the latitude of Hoboken, an average decrease
of something like 30o. * The stri_enot only change their course from
north to south along the ridge, but their direction stands in some

_"--'---"--*_'r'_or l:(ll account of the stri_ of the Palisade ridge see report of State Geologist

for 1893, p_es 61-176.
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relationship to ihe altitude of the ridge. In general the easting
increases toward the top, in which position it is greatest. The
_hange in the direction of strim with increase of altitude, on the west
face of this ridge, is in every way analogous to the change which
has been noted as occurring on the east face of Kittatinny mountain.

Varieties of glacial markings.--By far the larger number of
recorded directions of ice movement are the records of small strim.

Deep grooves are relatively rare. Chatter marks are not frequent.
Smoothed and polished surfaces, which do not tell of the direction of
ice movement, are rather common. The greatest variety of glacial
markings known is found upon the Palisade ridge. This is partly
because this ridge has been studied in more detail than most other
areas with reference to this point, and partly because excavations are
here so frequent that the glacial markings are well exposed. The
various forms of glacial markings which are found on this ridge have
already been described.*

*/.Joe.cit.jp.170jetseq.

NEW JERSEY GEOLOGICAL SURVEY



80 ANNUAL REPORT OF

SECTION Ill.

CHANGES IN DRAINAGE--LAKES--CHANGES IN TH]_
COURSES OF STREAMS.

With a single exception, the larger streams of the glaciated area of
New Jersey follow approximatelythe drainage lines established before
the advent of the glacial period, or at least before the advent of its.
last epoch. The single exception is the Passaic system. The drain-
age from this basin bears little resemblance to that which existed
before the disturbing influence of the ice made itself felt.

The reasonsfor the general immunity from change in the caseof most
of the streams of northernNew Jersey may be readily pointed out. In
the first place, mcet of the valleys of the glaciated portion of the State
were parallel, or essentially parallel, to the direction of ice movement.
In this position, glacial erosiou tended to emphasize them, rather than
to make them less masked. Had their courses been at right angles to.
the direction of ice movement, or even oblique to it, the disturbing
influence of the ice would have been much greater. In the second

place, most of the valleys were deep. The considerable elevation of
the region, trgether with its mature drainage, had determined this.

point. Deep valleys are less readily obliterated, either by erosion or
by filling, than shallow ones. In the third place, the rock in whicl_
they were cut is, on the whole, hard, and hard rock yields to the
erosion of glaciers much less readily than soft. Deep valleys in soft
rock would stand much better chance of obliteration, other things
being equal, than corresponding valleys in hard rock. In the fourth
place, the thickness of the drift over most of northern New Jersey is
rather slight, so slight as to fail to fill the valleys which pre-glacial
and glacial erosion had excavated. When the ice receded, therefore_
the valleys still remained, and along them drainage re-established
itself. Had the thickness of drift been great, the result might have
been different. The hardness of the rock had something to do with

the paucity of the drift. Lastly, the terminal moraine, which repre-
sents the thickest belt of drift in the State, crosses few of the

important drainage lines. For these reasons, the larger pre-glacia_
valleys are also the post-glacial lines of drainage.
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With these general principles in mind, more specific reference may

be made to the existing drainage. In the northwestern part of the
State, all the main valleys, and many of the minor ones, were exca*

vated in pre-glacia! time. In many cases the position of the streams

in the valleys, and in some cases the direction of drainage, is not the

same as before the ice invasion. The "rifts" in the Delaware probably
indicate, in some cases at least, that the river has been locally shifted

from the center of the rock valley to one side, and thus super-
imposed upon the rock slopes.

The number of cases in which reversals of drainage can be affirmed,

is small. The best-marked case is in the Flat brook-Mill brook valley,

near Montague. The valley is here greatly obstructed by morainic

accumulations.* Just north of the moraine a stream (no nameJ
flowing down the slope of Kittatinny mountain and crossing the

Flat brook-Mill brook valley nearly at right angles, has cut through
the narrow ridge separating this valley from the Delaware. The

position of the stream across this ridge was determined by a sag, the
elevation of which was nearly the same as that of the surface of the

gravel deposits in the Flat brook-Mill brook valley. The stream has

cut a narrow, steep.sided gorge through this ridge to a maximum

depth of forty to fifty feet, all but four or five feet being in rock.
In pre-glaeial time, the streams which flowed down the slope of Kit-

tatinny mountain did not enter the Delaware directly, but joined the
stream which then occupied the axis of the Flat brook-Mill brook

valley.

Through its entire length this valley has been filled to an unknown

depth with stratified drift. As now, so in pre-g]aeial times, the drain-
age of this valley was partly to the northward and partly to the south-

ward, a low divide separating the two parts. In spite of this, it is

extremely doubtful whether the divide corresponded in position with
that which now separates the two streams. It is probable that it was

farther south, thus increasing the length of Mill brook, at the expense
of Flat brook.

The round-about course of the upper part of Pnulins kill from New-

ton, via Lafayette and Augusta, is probably entirely post-glacial. It
is probable that the headwaters of Paulins kill lay to the northeast of

Augusta in pre-glacial time. The sharp turn of the Papakating
creek_ two miles northeast of Augusta, is probably due to direct

_See a_zte,page20.
6
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obstructions in the southwest-northeast valley at that point. It is

probable that beforethe last glacial epoch that part of the Papakatlng
creek above the bend was tributary _oPaulins kill. It may well have
been the upper part of the Paulins kill itself. This is, however,
largely hypothetical, as no conclusive evidence is at hand. Judging
from surface indications along the Papakating creek northeast of

Papakating station, and also in the vicinity of Roy's station, it
may well be that the pre-glacial divide between the Paulins kill and
Papakatlng was some miles northeast of Augusta. The drainage
along the valley from Newton to Branchville Junction probably
joined the Pequest system, though by a route which is not now
known.

Along the Pequest river a few changes can be made out. The
winding course of the river northeast of Danville is due to the
obstruction of the valley by the terminal moraine. The pre-glacial
course was probably in a more direct line from a point just above
Danville to Townsbury. The round-about course of the upper part
of this river, from near Hunt's Mills through Bear swamp to Spring°
dale, and then southward, is quite certainly not the pre-glacial course,
although it is impossible to locate definitely the earlier drainage
lines.

In default of borings, it is impossible to say whether the pre-glacial
drainage of the Germany Flats valley was northward into the Wall-
kilt valley at Hamburgh or southward into the Pequest valley.
Judging by the relative width of the valley in various parts_ the
drainage of that part now occupied by Germany Flats was probably
northward along the present course of the Wallkill.

The pre.glacial drainage of the Wallkill valley was northward.
This is clearly indicated by the increasing depth and width of the
valley in that direction. The same is true of Vernon valley, though
its head may not have been so far south as at present.

In the central part of the State the drainage outside the moraine
was disturbed at a number of points. The area occupied by Budd's
lake is believed to have drained to the north in pre-glacial time.
This northern outlet was blocked by the moraine just north of the
lake, giving rise to the lake, which then overflowed the lowest
point in its rim, and its surplus waters found escape via the South
Branch to the Raritan. The other notable change in drainage

in this region has to do with the Black river. As stated in

NEW JERSEY GEOLOGICAL SURVEY



T_E BTATE GEOLOGIST. 8_

previous report_* the pre_nt course of this fiver is believed to
_, in some sense, post.glaclal. The valley which it occupies is a
pre-glaclal vulley_ but the drainage through it has been reversed.
North from Hacklebarney, two miles southwest of Chester, the
pre-glacial drainage through this valley was to the north, joining
the Rockaway north of Kenvil. Near its point of junction with
the Rockaway, the moraine filled up the valley in such wise as to
obstruct drainage in this direction. The waters which had hereto-
fore reached the Rookawuy were ponded back above the point of
obstruction. They rose until they found escape to the south, in
_vhich direction they have continued to flow. The valley from
Hacklebarney southward was a pro-glacial valley. The divide between
it and the headw_ers of the northward-flowing stream was a low
col, across which the waters found their escape after the moraine was
formed.

On the highland area of northern New Jersey, the changes in
,drainage effeoted by the ice are minor. In some cases the streams
were shifted about to a slight extent in their courses. This resulted
•from the partial filling of the valley bottoms with stratified drift.
The post-glacial streams chose the lowest courses open to them at the
•close of the deposition of the drift, without reference to the position
of the axis of the valley. It is doubtless true that many ravines and
very small valleys on the slopes are filled up so as to give no surface
indication of their existence. The covering of drift in this region is
so slight, however, that no considerable pre-glacial valleys are believed
to be concealed.

East of the highland arca_ data concerning the courses of the pro-
glacial streams are meager. The altitude of the country is here not
great_ and the drift is relatively thick. More commonly than other-
wise, artificial excavations have not penetrated so deep as to reach its
bottom, and little can be said, except in a general way, concerning
the course of the drainage before the drih was deposited. It is
reasonably certain that the streams had courses corresponding in
general direction with those now in existence, but the details of their
courses may have been very different.

Robinson's brook, a tributary to the Rahway river, flows through
a valley which is largely of post-glacial origin. The Rahway

_Annual Report of State Geologis_, 1893_p. ]50.
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itself does not follow, throughout all its course, a pre-glacial line of
drainage, though it does so in part.

On the west face of the Palisade ridge many ravines and trivial
valleysmay havebeenfilledup by drift,soas to giveno surface
indicationof theirexistence.At a few pointstheirexistencehas,

beenshownby borings.
By far the most important changes in drainage ctFsetedby the ice:

and its deposits were in the basin of the Passaic. The extremely
circuitous course of this stream cannot fail to attract attention.

Having its sources at various points from Mendham to Morristown_
the waters of the system flow southward and westward, escaping from
the area of the Great swamp through a narrow gorge across Long
hill, at Millington. After escaping from the Great swamp, the river
follows the depression between Long hill and Second mountain, to
Stanley, where it crosses the line of the moraine. From this poinL
its sluggish waters find their way northward by an irregular course
through Hatfield swamp and Great Piece meadows. Then, turning
east, the stream escapes across the Orange mountains, through gaps
at Little Falls and Paterson. Thence its course is southward to

Newark bay. There is hardly another river of equal size which haa
so irregular and unnatural a course.

It seems probable that in pre-glacial time the headwaters of the
Passaic were in the vicinity of Mendham, as now, and that the drain-

age flowed thence eastward through the areaof Great swamp, across
the present site of the moraine, somewhere between Madison and
Chatham, thence southeastward across First and Second mountains,
via Short Hills and Millburn, and eastward to the sea. The facts on
which belief in this course is based, were stated in the last report,* in
connection with the history of Lake Passaic. As there stated, there
is a deep drift-filled gap across Second mountain near Short Hills,
the bottom of which is known to be not more than 170 feet above
the level of the sea. Between First and Second mountains, in line

with the drift-filled gap in Second mountain and the broad gap in
First mountain at Millburn, the surface of the rock is known to be not

higher than the level of the sea. It is almost certain, therefore, that
the rock bottom of the notch in Second mountain is very much lower
than the figure indicated above. These facts seem to indicate clearly
that in pre-glaeial time the drainage of the Great swamp area fo1-

AnnualReportoftheStateGeologistfor1893_page304.
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lowed a much more direct course to the sea than now. The drainage
from a large part of the area north of Short Hill_ probably joined
that of the stream which found its way to the sea by the Short Hills
and Millburn gaps. It is uncertain whether the Rockaway river
_owed to the south and joined this system, or whether it turned east,
south of Horse Neck, as now, and escaped across the mountains via
Little Falls and Paterson. The latter is the more probable.

One other notable drainage change should perhaps be referred to
in this connection, although it lies altogether outside the glaciated
area of the State. This is in the course of the Raritan river. As
stated in the Annual Report for 1892,* there is much reason to believe
that at some early time the Raritan rive_', following its present course
to a point midway between Somerville and Bound Brook, turned
thence southward up the present valley of the Millstone, following
that valley to its jtmetion with Stony brook, thence up the valley of
_tony brook, and across the low divide which separates it from the
Shipetaukin, thence down the Shipetaukin and Aseanpink valleys to
the Delaware. The date of the reversal of this drainage has not been
_xed. It may have been as late as the last glacial epoch, or it may
have been somewhat earlier. Quite certainly it occurred within the
Pleistocene period.

THE LAKES OF NORTHERN I_EW JERSEY.

One of the mcst conspicuous effects of the changes in drainage
due to the ice of the glacial period is to be seen in the great abund-
ance of lakes, ponds and meadows in northern New Jersey. Many
of the marshes and meadows represent extinct lakes. Many of the
lakes, both existent and extinct, came into being as the direct result
of interference with drainage. They may, therefore, be properly
considered in connection with the changes in drainage efl'ectedby
the ice.

The lake and pond basins of the glaciated area of the State belong
to several distinct classes. These are as follows: (1) Limestone
sinks; (2)rock basins produced by glacial erosion; (3)basins pro-
•luced by the obetruction of river valleys by means of the drift ; (4)
_iepressionsin the surface of the drift itself; (5) basins produced by a
• ombination of two or more of the foregoing; (6) lakes and ponds

_Annual Report of the State Geologist, 1892, p. 124.
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produced by artificial means. The fourth class, as specified above,

may be subdivided into two or three divisions, vlz., (a) depressions in
the surface of the terminal moraine; (b) depressions in the surface oF
the ground moraine; (o) depeescions in the surface of the stratified'
drift. Since the stratified drift in which the lakes of this last sub-

class lie is largely in valleys, it would not be altogether inappropriate-
to class them with the third group specified above.

In some cases it is not possible to say with absolute certainty that
the basin of a given lake or a pond belongs to one or another of the
foregoing classes. It frequently happens that available data are too
insufficient to make it po_ible to determine all elements involved in
the origin of a given basin. Neverthelees, most of the lakes and
ponds of northern New Jersey can be classified in one or another oF
the foregoing groups with a reasonable degree of certainty.

1. Limestone sinbs.--In northern New Jersey there is one small,
pond which occupies a depression caused by the collapse of an under-
ground cave in limestone. This lies three-quarters of a mile north-
east of Blairetown, near the point where a road tarns south to.
Panlina. The pond is very small and shallow. As a body of water
it is insignificant, but it has some interest as a representative of one
type of lake basin. The basin occupied by this little pond has been.
deepened in post-glaclal times. The bottom of the sink is fully sixty
feet below the highest point at its rim. Five or six feet from the.
bottom, the slope of the sink changes abruptly, becoming very steep
below. This would seem to indicate a sinking of the bottom of the.

pond to the extent of five or six feet since the ice departed. Sink-
holes of like origin are occupied by marshes at various points.

2. Rock basi_s produced by glacial erosion.--A second type of lake.
basins which finds representationin northern New Jersey is the rock
basin produced by glacial erosion. It cannot be affirmedthat there
is more than a single representativeof this class of lake basin in 1New
Jersey, though there are several lakes which may possess such basins.
In these cases the uncertainty is due to the fact that decisive data are
not available. It is often no easy matter to prove that a lake occupies

a rock basin, even when such is the fact. To establish a case beyond
doubt, it must be shown, either by outcrops or by borings, that the
rock rises at all points about the lake higher thao the deepest part of
its basin. Where the drift is thick, and especially where borings are

wanting or few, it is often impossible to make this determination.
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Even if a rock basin be demonstrated, it may be very difficult to
prove that it is the result of glacial erosion. A rock basin may be
produced by local subsidence, or by deformation of the strata in
which it occurs. Between rock basins so formed, and those formed

by glacial erosion, it may be impossible to distinguish, in a region
which is heavily covered with drift. A rock basin may be greatly
deepened by having its borders built up by drift. In such eases it is
often difficult to determine to what extent the basin is really a
rock basin, and to what extent it is a basin hemmed in by surface
accumulations.

Sand pond, on Hamburgh mountain, quite certainly has a rock
basin. This pond lles two and one-half miles east of Hamburgh.
It is triangular in shape, and on three sides is surrounded by high
hills where ledges of rock are so abundant as'to preclude the possi-
bility of a drift-filled outlet. At the western end, the bordering
surface is lower, and here the pond has its outlet. Along this outlet
the outcrops of rock are so abundant, and so disposed, as to show
that solid rock occupies a level higher than the bottom of the lake.
The maximum depth of the pond is probably not morethan forty feet,
and its average depth is probably not more than half this figure.

Sand pond, west of Coleville, may have a rock basin, but this is
not beyond question. At its southern end there is so great a body of
drift that, in the absence of borings, certain determination of the
nature of the basin is impossible. Cedar lake, near Blairstown, is
closely hemmed in by high rock ledges on eitherside. It may occupy
a rock basin, but there are considerable masses of drift at either end
of the lake which greatly deepen the basin, even if not entirely
responsible for it.

3..Basins produced by lhe obstruction of river valleys by means of the
dTi/t.--The basins of the larger number of lakes in the glaciated
part of _TewJersey were formed by the obstruction of river valleys.
To this class belong the following :

In Warren county.--kllamuehy pond, Glover's pond, Cedar lake
(possible rock basin), White pond, Sunfish pond, Catfish pond,
Shustsr pond, Mud pond (Hardwick township) and Sand pond.
Here also may belong Silver lake and Mud pond (Hope township),
though they may belong to the next class.

In 8usse:_ eounty.--Catfish pond, Sucker pond, Quick pond, Mud
pond (Stillwater town_hlp), Swartswood lake, Hunt's pond, Little
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pond and two unnamed ponds northeast of it, Long pond (Fmnkford
township), Culver's pond, Sand pond, near Coleville (possible rock
basin); Long pond (Walpsck township), Round pond, Mashipasong
pond, Lake Marcia, Decker pond, Roe pond, Mud pond (Vernon
township), Wawayanda lake and Laurel pond. It is altogether pos-
sible that some of these lakes may have rock basins, but there are
none of them which, in the light of present knowledge, may not be
accounted for by the drift, filling which blocks one or both ends of
the more or less elongated valleys in which they lie.

In Morris eounty.--Green pond, Lake Kinnelon (Stickle pond),
Budd's lake, Split Rock pond and Lake Hopatcong.

In Passaic eoun_y.--Hank's pond, Macopin lake, Terrace pond,

Greenwood lake, and Negro pond. It is very probable that some
other small ponds belong to this category, and there are other lakes
which may owe their origin in part to the blocking of valleys. If so,
the valley-blocking does not appear to play the most conspicuous part
in the formation of their basins.

The drift which blocks the valleys, giving origin to the lake
basins, is sometimes stratified and sometimes unstratified. Many of thQ
valleys are blockedat oneend of the lake only, while others are blocked
at both. North of the moraine, one lake only appears to owe its
existence to the blocking of a river valley by the moraine itself.
This is Green's pond, in Warren county. Outside the moraine, there is
likewise a single lake which owes its origin to the damming of a valley.
This is Budd's lake, in Morris county. Though the lake now drains
to the south, its site is believed to have drained to the north,
before the last glacial epoch. Blocked by the moraine just above the
lake, water accumulated in the valley above, until it overflowed
the divide to the south, finding its escape in that direction. The
lake's northern shore does not reach the moraine, though it does reach
the stratified drift outside it.

4. Lal_a in drift depressions.MTbe number of lakes and ponds
occupying depressions in the surface of the unstratified drift is not
large. To this cla_ can be referred with confidence only a few
_mall ponds which have not individual names. The pond east of
Llewellyn Park and south of the railroad, Essex county, appears to
belong to this class. Here also belong some of the small ponds on
Palisade ridge, in H:udson county. At various points along the
terminal moraine there are small ponds which likewise belong to this
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category, but they are too small to merit separate mention in this
connection. Some of the lakes elsewhere referred to may belong to
this category, as already noted.

There is a very much more considerable group of lakes which
might, with almost equal propriety, be put into the class of lakes
occupying basins formed by the obstruction of river valleys, or into
the class of lakes occupying basins in the surface of the drift. The
lakes of the group here referred to lie in depressiong in drift which
is for the mo_t part stratified_the drift itself being in valleys. The
lakes of this sub.class are believed to represent the sites of huge
blocks of stagnant ice, which liogered in the valleys after the edge of
the main ice sheet had retreated some little distance beyond them to
the north. Stratified drift was deposited in the va]hys about these
ice blocks, while glacial drainage still coursed through the valleys.
After glacial drainage had ceased to flow through the valleys con-
cerned, the ice blocks melted, leaving depressions to mark their
former existence. Such lake basins are due to the presence of stag-
nant ice masses, about which were lald down the deposits which now
constitute the sides of the basins.*

The lakes which are thought to belong to this class are the
following:

Ia 8_sex eo_nt_/.--Buckmire pond, Turtle pond, Muck,shaw pond,
Stickh pond, Davis pond, White's pond, Hewitt's pond, Long pond
(Andover township), Iliff's pond, Howell's pond, Drake's pond,
White lake (Sparta township), Mud pond (Sparta township), Lake
Griundl (Lane's pond), and Wright's pond.

In .Pa_aie county.--Franklin lake, the ponds west of Wyckotf,
and the pond near Preakness.

In this connection, especial mention should be made of the chain
of lakes, ponds and marshes in 8uesex county, which extends from
Turtle pond, near Huntsville (Green township), almost continuously
to Lake Grinnell, a distance of eleven miles. The Lehigh and Hud-
son River railroad follows the chain of depressions between these
points, and from it good views of the depressions can be had. It is
4_elieved that a succession of huge ice blocks lay in this valhy while
the main ice front was a little farther north, and that drainage from
the main ice sheet to the north coursed through the valley, depositing
sand and gravel about and among them. In some eases the ice masses

*Annual Report of the State Geologlst for 1893, page 154.
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were doubtless completely buried. They probably persisted until
glacial drainage ceased to flow through the valley, that h, until the
ice sheet had retreated beyond its head. Their melting then gave rise
to basins, the larger of which are now occupied by ponds or ]akes_
while the smaller gave origin to marshes only.

Many of these lakes contain more or less white shell marl, the
result of the accumulation of shells, mainly of snails. The white
marl is known to occur in at least seven of them, viz, Bnskmlre
pond, Turtle pond, Davis pond, White's pond, Drake's pond, Mud
pond and White lake. In some of these the marl can be seen from
the shore, but its extent and depth are generally unknown.

5. Comblnalion types.--A very considerable number of lakes ocenpy
depressions which do not fall into one or other of the foregoing:
classes. They are depressions which are partially bounded by drift,
and parfially by rock. They are due to the disposition of the drift
with reference to rock elevations. It is poasible that they are i_
many eases produced by the obstruction of valleys by means of the
drift, but if so, this relationship does not clearly appear. To this
type belong the following lakes '.

In 8u_ex oau_y --Stag pond, Morris pond, and Losee pond.
In Passalo vounty.--Tiee's pond, Rotten pond, Mud pond, 8hep-

pard's pond, and the pond on First mountain, south of Paterson.
In Morri* county.--Dixon's pond.
6. Lakes formed by human ageacy.--There is a very considerable

number of lakes or ponds or reservoirs produced through human
agency, by the obstruction of natural drainage lines. In this elasa
fall Clinton and Oak Ridge reservoirs, Hopewell pond, Petersburg
pond, Durham pond, Denmark pond, Cranberry reservoir and Stun-
hope reservoir.

A considerable number of the lakes which have been mentioned in

the foregoing pages, have been increased in size by the raising of the
outlets, as for example, Lake I=IopatCong. The aggregate area occu-
pied by the natural lakes and ponds within the glaciated area of New
Jersey, including also Budd's lake, which is just outside the moraine,
is about sixteen square miles.* Of the total area, Lake Hopatcong
occupies about one-fourth, and Greenwood and 8wartswood lakes
nearly another fourth.

The average depth of the lakes of New Jersey is not great. Morris

_ Vvlmeule. Geuh,gical Survey (_f _ew Jersey_ I., 18_8, pages 10g-Ill.
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pond has a depth of 110 feet. Long pond (Andover township) and
Wawayanda lake are reported to have maximum depths of about
100 feet each, but their average depths are considerably less. By
far the larger number of lakes have depths of less than fifty feet, and
many of them much le_s.

In altitude, the lakes vary greatly. Aside from the artificial lakes

and ponds, and aside from some very small ponds which have not
individual names, the lowest lake is Cedar lake, in Sussex county.
This has an altitude of 384 feet. The highset lake is Lake Marcia,
which has an elevation of 1,574 feet. The lakes of northern New
Jersey, therefore, have a vertical range of nearly 1,200 feet.

Many of the lakes which had a temporary existence, but which
have now become extinct, have been referred to in connection with
the stratified drift deposits of the earlier part of this report. Here-
may be mentioned--1 °, the Peqoest lake; 2°, a long, narrow lake-
which probably had a temporary existence in the valley of the Black
river from Kenvil to Hacklcbarney; 3°, Lake Passaic, which at.
the time of its maximum expansion had an area twelve to fifteen
times as great as that of all the existing lakes of the State; and 4°,
the several shallow lakes which occupied the deeper part of the basin
of Lake Passaic after that lake was drained. These lakes have been
referred to in another connection* and need not be disenseed here.

Many smaller lake_ or ponds had a temporary existence and have left
slight records of themselves.

*Annual Report of the State Geologist for 1893, page 317.
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SECTION IV.

POST-GLACIAL CHANGES WITHIN THE GLACIATED

AREA.

EROSION,

The amount of post-glaclal erosion which has been accomplished in

northern New Jersey is, on the whole, exceedingly small. In many

places the streams appear not to have lowered their channels at all,

while in other places they have affected more considerable results.

The irregular disposition of the drift, which nearly filled the valleys

at certain points and left them nearly free from drift at others, gave
occ_mion for these variations in their subsequent work. Where a

body of drift was deposited across a valley, drainage through the
valleywas ponded behindit. As the ponded drainageoverflowed

thedriftbarrier,ithad highvelocityand quicklycutdown thedam.

On thewhole,however,the surfaceof northernNew Jerseyremains

very much as itwas at the timeof the retreatof theice. A few

words may be added concerningthe erosionalong the various

valleys.

Ato_9 theDdr_ware.--Post-glacialerosioninthevalleyoftheDela-

ware has beenmuch more considerablethan inany othervalleyof

northernNew Jersey. In generalitmay be saidthatthe riverhas

cut itschannelfrom the levelof the highestgravelterracesto its

presentbed. In the narrow partsof the valley,as at the Water

Gap, where the terracesareabsent,post-glacialerosionhas beensuf-

ficientto removeallthe graveloriginallydepositedthere. At Co-

lumbia,theverticalerosionhasbeenaboutseventyfeet;atBrowning,

about sixty-fivefeet; below WaIpack Bend, about eightyfeet.

Above D_ker's Ferry,gravelterracesoccur100 feetabovetheriver,

but as thereare some indicationsthatstagnanticelay here while

thishigh-levelgravelwas beingdeposited,erosionmay not be so

greataswould be indicatedby thisfigure.It is,however,at least

more than fortyfeet.At Walpaek Center,post-glaclalerosionhas

been more than 100 feet;at Dingman's,about 120 feet;west of

Haiaesvil]e,aboutI00 f_et;below Montague,about120 feet; oppo-
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site Mashipaeong island, about sixty-five feet; near the State line,
about eighty feet.

The width of the flood plain is in some sense a measure of the
width of the passage cut in the drift-filling of the pre-glacial valley
in post-glacial time. In several places on the Jersey side, the flood
plain has a width of half a mile. Where it is wide on one side of
the river, it is commonly narrow or wanting on the other. Above
Walpack Bend, the width of the post-glacial valley would average
from half to three-quarters of a mile. Below the Gap the trench i_
much narrower. The height of the flood plain is often from twenty
to thirty feet above the river.

The erosion in the Delaware valley below the moraine was referred

to in the Annual Report for 1892.
Jn the valley of the .Flat brook.--The amount of cutting done by

theFlat brook in post-glacial time, is very variable in different parts
of the valley. As the ice retreated, the irregular filling of the drift
gave origin to local lakes and ponds along the valley, and drainage
through it has removed the obstructions between these lakes and
ponds, giving rise to an uninterrupted stream. The amount of cut-
ting between the ponds and local lakes depended on the height of
the drift barriers. Where these barriers were low, the cutting has

been slight. Where they were high, the amount of erosion has been
considerable. In places near Flatbrookville, the amount ot cutting

(vertical) may have been as much as sixty feet ; near the first bridge
above Flatbrookville, seventy feet; a quarter of a mile below the

second bridge, forty feet; while at the second bridge above the vil-
lage, the cutting has not been more than eight feet. From this point
to Peters Valley, the stream meanders on a broad, flat plain, formerly
a swamp or lake, which the stream has actually been silting up.
Here, therefore, there has been no post-glacial erosion. Midway be-
tween Peters Valley and Laytoa, the stream has cut a trench seven-

ty-five yards wide, and more than twenty-five feet deep across the
barrier of gravel which separated two large depressions in the valley.
Above Layton, the maximum cutting has nowhere been more than
thirty feet, and in general it has been much less.

Along the Mill brook.--In the Mill brook valley there has been
practically no erosion in post-glacial time. The stream, on the con-
trary, has been silting up its marshes throughout most of its course.

In the valley of _aulins kilL--As in the Flat brook valley, the
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amount of post-glacial erosion along this stream varies greatly within
narrow limits. In a few cases only is there positive evidence &even
a moderate amount of erosion. Jacksonbnrg creek, below Blairs-
town, has trenched the Paulins kill gravels to a depth of twenty-five
feet, the trench having a width of about 2'25 feet. Along Blair's
creek, above Blairstowu, the vertical cutting has been as much as
forty-five feet in some places. Above Paullna, the kill has cut thirty
feet into the till, and a mile and a half above stlnwater, a small
tributary has eroded a channel in the gravel deposits to a depth of
twenty-five feet. Below Emmons station, the kill has cut thirty-
five feet, and at Balesville the morainehas been incised to a depth of
forty feet. In many other places, as above and below Stnlwater, and
at Yard's creek, near Hainesburg, there has been practically no
erosion, but filling instead.

Yn the Vernon valleg.--There has been little post-glacial erosion in
the Vernon valley. The creeks draining the valley have been
engaged rather in filling up the marshes through which they find
their way.

In the .Papakaling vallsy.--Along the Papakating there has been
very little erosion. Here and there the stream has cut a few feet.
Where the Little Papakating crosses the high Papakatieg terrace
southeast of Woodlmurne, it has excavated a trench 80 to 100 feet
deep and 200 yards wide. This it was able to do because of the
great height of the terrace above Papakatlug. North of the Wood-
bourne school house, the stream has trenched the terrace to a depth
of fifteen to eighteen feet in some places, while in closely adjoining
parts of it_ course, it has done no cutting.

Along the Wallkill.--This stream has done some little erosive work
in post.glacial time. The only point where any eoosiderable lower-
ing of the channel seems to have been et_eeted_is at Ogdensburg, in
connection with the remarkable gravel ridge at that point. This
has already been referred to.*

Along the Pequest.--The greatest amount of erosion to be found
along the Pequest or its tributaries, is where the stream crosses the
moraine, between Danville and Towosbury. The maximum vertical
cutting is about forty-five feet. Above this point, the Fcquest and
its tributaries have done little or no eroding since the ice departed.

*A_fe, page 39.
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In the Rockaway valley.--There has been a very considerable
amount of erosion in the Roekaway valley at eerlain points, notably
from Powerville to a point somewhat below Boonton. Here the river
has lowered its valley in the till as much as I00 feet in some places.
Elsewhere it has done little erosive work since the deposition of the
drift.

fn the Pequannoek vaUey.--From Copperas mountain to Butler,
the Pequannock river has sunk its valley in the till to a depth of
_twenty to forty feet. Elsewhere its work has been slight.

In the Wanaqus and Ramapo vaUeys.--These 'streams have done
tittle eroding since the glacial epoch. The Wanaque has cut a trench
in the gravel and sand fifteen to twenty feet in depth, from Pompton
to a point above Wanaque. The Ramapo has likewise locally out a
_rench t_enty to thirty feet deep, and in places below Oakland, it
may possibly have cut more ; but on the whole, the erosion of these
streams has been very slight, and has been confined chiefly to the re-
moval of the barriers of gravel which separated the depressions left
by the ice.

Along the Pomp£on valley.--The Pomptou river has lowered its
channel about fifteen feet in the gravel and sand plain about Pompton.
South of Pequauac, it has done little or no cutting.

The Passaic valley.--Above Little Falls, the Passaic has done little
erosion. Only here and there, as at Stanley, has it lowered its
channel notably. For a coneiderabh distance above Little Falls, it
wanders throughout a wide extent of land which it has been unable

to drain. Below Paterson, the river has lowered its channel thirty
or forty feet locally, though this is much above its average.

The _addle r/ver.--The amount of erosion in the Saddle river is

comparable to that in the valleys of the Wanaque and Ramapo.
.In the Haekensack, Pascaek and Tienekill valleys.--From the Slate

line to its junction with the Paseack, the Hackeasaek river has

lowered its channel, on an average, less than fifteen feet. In many
places no cutting at all has been accomplished. South of the junc-
tion of the Pascack_ the channel has been lowered ten to thirty feet.
The erosion in the valley of the Pascack is in keeping with that of
the Hackens_k. The Tienekill has done no erosion, and is still
wandering about in a marsh which was left when the ice disappeared.
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THE ALLUVIAL DEPOSITS.

Most of the streams of northern New Jersey are bordered by"
alluvial deposits of greater or less extent. These are coarser where
the streams are swift, and finer where the streams are more sluggish.
The alluvial deposits have considerable development in many of the
low fiat lands or marshes where lake basins failed of development,
on the melting of the ice. This is conspicuous along many of the
valleys, where the flood plains are very variable in width. The
flood plains are now narrow, representing the width of the channels
cut since the glacial epoch, and now wide, representing the areasover
which the streams have simply deposited thin layers of silt, on the
low lands left as the ice melted. Nothing is more striking in connec-
tion with the rivers of northern New Jersey, and especially of Sussex
and Warren counties, than the fact that their flood plains are of such
unequal widths in closely.assoclated parts of the valleys. This is-
well shown along the Wallkill, from Sparta to Ogdensburg, and
along the Flat brook valley in the vicinity of Peters Valley, and
several miles below. The broad alluvial plains which border some
of the streams of the basin of Lake Passaic, are hardly of fluvial
origin. They have merely been silted over by streams.

If the Delaware valley be excepted, alluvial plains hate, on the
whole, least development along the streams which have done the most
cutting, and along such streams they have the least development
where the cutting has been most extensive.

The height of the alluvial deposits above the present flood plains
is variable, depending upon heights to which the floods reach. The
highest are perhaps in the Pequest valley, near its junction with the
Delaware. The alluvial deposits here reach an elevation of about
thirty feet above the ordinary water-level in the Pequest. In general_
the height of an alluvial plain above the stream it borders is greater
along a large stream than along a small one. In some of the valleys
there are alluvial plains which are on the point of becoming terraces.
In such cases the streams have sunk their channels so far below the

alluvial plains that they are flooded only during extreme high water.
The streams are still eroding, and will presently have cut their chan-
nels so low that the alluvial plains will cease to be flooded at all, and
will then pass from the category of flood plains, into the category of
terraces.
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East of Warren and Sussex oouuties, the larger streams often have
alluvial plains of variable width. These plains are usually more or
lees discontinuous. In general they are not the results of the streams'
own work, but rather the result of the flooding of flats which were
left when the ice retreated. Bat little material has been deposited
upon them by the streams since the ice deserted the region. On the
other hand, the streams have been too sluggish to cut channels in
them to such depths that they are not flooded annually.

PEAT AND MARL.

The flood plains of many of the stream are swampy, as they have
been ever since the ice left the region. Along many of the valleys it
is often difficult to differentiate the alluvial plains from the peat and
humus deposits. Indeed, along many of the valleys, alluvium and
peat are commingled in all sorts of proportions. This may be seen
in the Pequest meadows. Before draining, these meadows were dis-
tinctly marshy. Since draining, cultivation has shown that the ma-
terial of which the soil is composed is by no means wholly organic.
This meadow shows all possible gradations from alluvium to humus.
Similar conditions exist in the valleys of the Pasmlc and Rockaway
above the Watchung mountains, and to a less extent along the Saddle,
Pascack, Hackensack and Tienekill valleys farther north.

Peat bogs of some slight extent occur, but there are very few
that are free from sediment washed in as the vegetable material
accumulated.

Marl deposits arc known to occur in many of the ponds, and be-
neath the humus and silt of many of the streams of Warren and
Sussex counties. These deposits were carefully studied many years
ago under the direction of Professor Cook, and somewhat full notes
upon them were published in the Annual Report of the State Geolo-
gist for 1877, aud in the Annual Report of the New Jersey Board of
Agriculture for the same year.

CHANGES OF LEVEL.

The basin of the Passaic has been deformed since the water

stood at its maximum height. The highest point of the shore line
of the maximum slage of the lake is near the northeast end,

7
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while the lowest point in the shore line of the same stage is at
the southern extremity of the lake, the respective figures being 412
and 345 feet.* The departure of this shore line from a horizontal
position is more than can be attributed to the attractive influence of
the ice on the water of the lake. Furthermore, the shore line does

not rise steadily to the north, as would have been the case had the
attractive effect of the ice been the cause of the departure of the shore
line from horizontality. There is no doubt that the basin of the lake
has suffered deformation, the northern end rising, relative to the
southern. It should be noted that the northward rise is relative

only, so far as the direct evidence derived from the shore line is con-
cerned. This evidence gives no criteria for deciding between the fol-
lowing propositions: 1°, the whole basin of the lake has risen, but
the northern end more than the southern ; 2°, the northern end has
risen, while the southern has remained in the position it occupied
during the life of the lake ; 8°, the northern end has risen, while the
southern has been depressed ; 4°, the northern end has remained as it
was while the lake existed, while the southern end has sunk; 5°,
the whole basin has been depressed, the northern end less than the
southern.

The phenomena of other parts of the glaciated territory of the con-
tinent indicate pretty clcarly--1 °, that the surface of the land was

depressed by the weight of the ice sheet, and that as a rule the depres-
sion was greatest where the ice was thickest ; and 2°j that as the ice
sheet melted, the surface which it had weighed down recovered from
its depression, rising most where it had been most depressed. Fol-
lowing this line of argument, it is probable that the firstor the second
of the above propositions represents the fact.

Elsewhere in the glaciated areaof the State, positive evidence as to
post.glacial changes of level ave wanting.J"

"Annual Report of the State Geologist of £New Jersey for 1893_ pages 320, 321.

;Annual Report of the State Geologist for 1893 t pages 208-210.
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SECTION V.

THE BEACON HILL FORMATION.*

The Beacon Hill formation does not belong to the Pleistocene
period of geological history, but it so closely concerns the later forma-
tions of central and southeru Jersey, that the study of the latter has
_ecessitated the study of the former.

The general stratigraphic relations of this formation were set forth
in the Annual Report for 1893.1" These relations are still further
exhibited in the accompanying diagrams, Figures 1 and 2, Plate III.,
where the formation is seen to be unconformable upon the Raritan
clay and the Middh marl. Farther south it overlies the Lime sand
and Upper marl, so that its unconformity upon the Cretaceous is not
open to question.

8outh of the Triassic area, its dip appears to be e_eatially the
same as that of the Cretaceous beds. The floor on which it was

deposited seems to have been nearly plane, though evidence is not
wanting that it had here and there some relief. This is indicated
rather by the data from certain deep borings in the material of the
formation, than by contacts actually seen. The surface on which it
rests has a gentle slope to the southeast, the direction in which all
post-Triaeslo formations dip. In addition to this general slope, there
seems to be also a southwesterly slope in the western part of the State
and an easterly slope in the eastern part. The axis between these
elopes has a general southwesterly course from the Mount Pleasant
hills. These subordinate slopes are indicated by the following facts.
In the Mount Pleasant hills the base of the formation has an altitude

of about 360 feet; at Pine hill, near Perrinevilh, fifteen miles to the
southwest, about 270 feet; at Amey's mount, twenty-two miles
farther southwest, about 120 to 150 feet; at the mouth of Pensauken
creek, about eighteen miles west of south of Arney's mouuh about 30
feet. These figures demonstrate the slope to the southwest along this
line. The decline of the base of the formation northeast of the Mount

Pleasant hills is shown by a comparison of the altitude of its base on

*l_Ir.Knapp'sworkllas furnishedmanyof the factsembodiedin this and the
followingsections.

1"Pages39-52.
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the Mount Pleasant hills (360 feet), and at the east end of the Nave-
sink highlands, where it is about 180 feet above sea-level. The single
remnant of the formation thus far identified on Staten Island--on the

bluff between New Dorp and Garretson's--has an altitude of 170 to
180 feet.

The remnant_qof the formation farther north (the sand hills north of
Monmouth Junction), are somewhat lower than those in the Mount
Pleasant hills, showing that the base of the formation does not con-
tinue to rise northwest of the latter hills.

It would thus appear that if the base on which the formation was
deposited was originally plane, or nearly so, it has undergone deform-
ation since that time. The relations of the isolated portions of the
formationto each other, and to the continuous areafarther south, are
such as to indicate that deformation has increased the dip of the
formation south of the Mount Pleasant hills, and that the uplift was
greatest in their vicinity. It is probable that a belt north or north-
west of the Navesink-Mount Ple_ant_Clarksburg belt, including the
Sand hills region, sufferedrelative depression at the same time.

As it now exists_ the formation thickens to the southeast. It is
not known how far this is the result of the greater erosion to the
north, incident upon the greater altitude of the tbrmation in that
region ; hut it is probable that the formation was thicker to the south
at the outset, and that it has also suffered less erosion. It is no_,
eesentially continuous, though often concealed by later formations_
south and east of a llne drawn from Asbnry Park on the northeast
via the Hominy hills (five miles north of Farmlngdale), Charleston
Springs (eight miles south of Euglishtewn), Prospertown, Wrights-
town, Clemeaton and Pitman Grove, to Alloway.

The edge of the continuous body of the Beacon Hill formation is
usually marked by a distinct and more or less abrupt rise of surface,
as seen from the northwest. The edge of the continuous body of the
tormation lies a little to the northwest of the above line, where high
land runs northwest of it, and to the southeast, where low land
stretches in that direction.

Constitutian.--Something was said concerning the constitution of
this formation in the last annual report.* Little will here be added

concerning this point. The formation is pre-eminently siliceous, being
composed mainly of quartzose sand and gravel. On the whole, it is

*Pages41_15.
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true that its lower part is more satuly than the upper, while the
latter carries more gravel, but to this general statement there are
many exceptions.

The constitution of the formation changes somewhat from north to

south. So far as the sand is concerned, it is coarser to the north,

where it is often coarse grit and becomes finer in the opposite direc-

tion. To the south, where it is fine, it often assumes a phase which

has been described as "fluffy."• As the adjective suggests, it is not "

compact, but is in a physical condition which suggests sponginess or
ashiness, so far as sand can. This phase of the sand is always fine,

ihough it sometimes carries a few small pebbles of quartz, and is
often interbedded with layers of coarse, gritty sand. It is often deli-

cately streaked or mottled with pale shades of brown, or yellow or

salmon. The mottlings are more or less irregular, but.are usually
elongate in the direction of the bedding planes. They are as delicate

in size, shape and arrangement as m color. In exceptional localities

the sand is so fine as to approach a loam, and may then stand in
vertical faces after the fashion of loess.

The fine sand may be seen to advantage at the west end of Arney's

mount (pit), in the railway cuts southeast of Clementon, in the 181-
foot hill five miles southeast of Haddonfieldj a mile northwest of

Proeser's Mills (five miles northeast of Glas_boro), and at the south

end of the lake at Millville, in the bluff faces. It is also exposed at
scores and hundreds of other places in road and railway cute. The

glass sand in the vicinity of South Vineland doubtless belongs here.

The fluffy phase of the sand has nowhere been seen along the more
northerly outcrop of the formation.

The fluffy sand is frequently associated with tenacious clay, which

has a yellowish or pinkish color, often grading toward salmon. The

*lay sometimes occurs in the form of beds one to four feet thick, but
more commonly as laminm, a fraction of an inch in thickness. It

frequently contains small pebbles of quartz, which range in size up

to half an inch. This clay is known at many points from Asbury
Park to Millville.

The fluffy sand, as well as some of the sand which does not possess

the quality denoted by this adjective, often has a peculiar pinkish
,2olor, which has been seen in none of the later formations of the

State. In some places this color is especially concentrated in the
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cemented or semi-cemented portions, where it sometimes assumes

purplish east.
Another phase of the Beacon Hill sand is hardly less characteristic,

though less easily defined. It is coarse, or at least contains many
coarsegrains. It at first seems much more coherent than the fluffy
sand, and layers of it associated with the latter are likely to stand out
in exposed faces almost as if indurated. But of induration there is
really nothing. If a piece of it be detached, it can hardly be handled
and preserve its integrity; but instead of crumbling into its con-
stituent grains, it breaks into a number of smaller pieces. Each of
these behaves in a similar manner. That is, while there is some
small measure of cehesion, the sand, especially when wet, is excessively
brittle. It is "wet short." This phase of the sand very commonly
carries pebbles of quartz of small size. It may be well seen in the
railway cut at Fountain Green, four miles northeast of Pemberton,
and in the road cut two or three miles west of Asbury Park.

One of the most characteristic features of the Beacon Hill sand a_-
a whole, is its cleanness. Locally it contains a notable amount of
white mica, in very tiny scales. This is perhaps one of the causes of
its fluffiness.

The gravelly portion of the formation seems not only to be better
developed at high elevations than at low, but to be more conspicumm
the more isolated the elevations. The isolation is due to the gravel
rather than the gravel to the isolation. The gravel is too coarse to
be easily handled by surface drainage, and is so porous as to allow
water to sink through it readily. It therefore serves as a protectio_
to the hill on which it rests. It creeps down the slopes more or lees,
and thus protects their upper slopes as well as their tops. Like the
sand, the gravel grows finer to the southward. The coarse material
and the fine are occasionally mixed, large pebbles now and then
occurring in the fine sand.

In the regions where only isolated remnants of the formation
remain, the gravel consists of something like sixty-five per cent. of
quartz, thirty per cent. of chert and five per cent. of sandstone.
Where the quartz has been exposed to surface weathering, some of it
is commonly etched into columnar forms which, in a further state of
weathering, break up into splinters. Such quartz may well have
come from the vein material of the Hudson River sandstone in the

northern part of the State. The chert is often fossiliferous, and ia
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often so far decomposed as to have the texture of chalk. The pro-
portion of quartz increases to the southward. The gravel is as
notable for what it does not contain as for what it does. Granite,

gneiss, trap, shale of all sorts aud Triassic sandstone are conspicuous
by their absence.

The question is still an open one whether the upper and more
gravelly pert of the formation is separable from the lower and more
sandy part. Nothing has yet been seen which makes the subdivision
necessary, but various things have been seen which would not be in-
consistent with such division. It is certain, on the other hand, that

gravel ranges through the entire thickness of the formation, as it is
often pre_ent in small quantity at the very base of the formation,
where it comes in contact with the marl. This has been noted at

many points in Salem and Gloucester counties.
The formation is frequently cemented by iron oxide to such an

extent as to become important asa source of building stone. Cemen-
tation is most prominent at the contact of the coarser and finer layers.
The sand immediately beneath a gravel bed is especially likely to be
indurated. The cemented portions are therefore generally sandstone,
instead of conglomerate, though conglomerate layers are by no means
unknown.

While iron oxide is the commoner cement, the sand is here and
there bound together by silica instead. Fragments, and even con-
siderable massesof sandstone,orevenof vitreousquartzite,of this

typemay beseenon thecrestofthelittlehill(255feet)a milenorth-
westof Clarksburg,andatthewestendofthemarshalongthecreek

a quarterof a milefarthernorth.Occasionalpiecesof thismaterial
aremetwithinthelaterformations.

InthevicinityofWoodstownandAllowaytheBeaconHillforma-
tionisseentooverliethe"Astringent"clay(Cook),and tounderlie
thePen.caukeu.Itisknown tocontainfossilsat a pointnearl_ill-

ville,and atanothernearMullicaHill. At thelatterplace,the
fossilsarefoundina layerofclaywhichliesbetweenbedsoffluffy
sand. The sandstonenearBrldget,on,whichcontainsfossilleaves,is
almostcertainlya partof thisformation.
FiguresI,2 and3,Platel-If.,indicatebetterthandescriptioncan,

theamount of erosionwhich theBeaconHillformationsuffered

beforethedepositionof thePensauken.Thereissome indication
thatthepre-Pensaukenerosionof theformationisto be referredto
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two stages more or lessdistinct, the one proceeding to a certain stage
while the land stood at a given level, while the other was carried on

after it had soflhred further uplift. Such evidence as is in possession
concerning this point is drawn from many bench-like terraces about
the hills of the Clarksburg-Perrineville region.

It seems certain that the formation which is here described under
the name of Beacon Hill, is to be correlated with formations which
Professor Clark has classed as Miocene.* It is said to have much

physical resemblance to the Chesapeake formation farther south.
Indepemlent of the correlation of the Beacon Hill formation with Dr.

Clark's Miocene, there is evidence that it is to be so referred, as will
appear later. The name Beacon Hill was adopted in the last
annual because, at that time, its Miocene reference was still an open
qaestion. Now that the formation is better known through a wider
range of territory, it is probable that a better name may be found.
For the present, however, the name already used is retained.

The formation is known to occur at Media, Pennsylvania, where
it may be seen at the bottom of the sand pit in the northeastern part
of the city, near the reservoir. Only the fine white sand, beneath the
coarse, more or less arkose aud highly colored sand, belongs here.

_"Annual Repor h 1892, page 210.
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SECTION Vl.

THE PENSAUKEN FORMATION.

A broad, shallow topographic trough crosses the State in a north-
east-southwest direction, from the Delaware river to Raritan bay.
The southwest end of this trough lies between Trenton and Burliog-
ton, and the northeast eud between New Brunswick and Matawan.

Its width varies from ten or eleven to sixteen miles, being widest to
the southwest. Its axis occupies the belt along which the lower
members of the Cretaceous series outcrop. It appears to have been
produced chiefly or wholly by erosion after the Beacon Hill period.
Triassic shale forms the northwestern side of the trough, while the
Lower marl and the Red sand formations occupy the southeast slopes.
The general relations of the trough in croes-eectlon are shown in
:Figure 1, Plate III. Within this broad trough, the surface of which
nowhere rises much above 150 feet A. T., the extra.glacial forma-
tions of the State, younger than the Beacon Hill, are well developed.

Within this trough the surface formations are separable into at
least three divisions, which were recognized in the last report.* The
oldest of these formations is the Peneauken, named from a locality
where it is typically developed, well exposed and easily accessible,
viz., the mouth of the Pensauken creek just below Palmyra. The
_eeond formation is designated the Jamesburg formation, the name
being derived from a locality where it is well exposed and likewise
easily accessible. This formation forms the subject of the next sec-
tion. This third formation was early named the Trenton gravel. It
has long been recognized that the Trenton gravel is of late glacial age,

being the deposit made by the glacial drainage which coursed through
the Delaware valley at the time the ice was developing the terminal
moraine near Belvidere.

In the southwestern part of the State, along the lower course of
the Delaware, the Trenton gravels and sands are covered by stratified
loam, grading from clay to sand, which, as its characterproves, was

deposited after the Delaware river had ceased to bring down glacial
detritus, or at least after such detritus failed to reach the latitude of

*Annual B.eport of the State Geologist, 1893, pages 52-65.
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Burlington. This loam correspondswith the surface formation about_
the eastern and southern borders of the State, reaching the altitudes
of forty to forty-five feet. It is probable that it should be regarded
as a fourth formation, though the measure of its distinctness has not
been definitely fixed.

As stated in the last report, the basis for the subdivision of these
surfaceformations is found in their topographical, geographical and
stratigraphical relations, as well as in their physical and lithologieal
constitution.

The Pensauken formation was defined in the Annual Report for
1893.* Since that time considerable study has been devoted to the
areas where it is developed, and a somewhat fuller statement of its
characteristicsand relations is now possible.

Topographical relations.--Within the Bordentown-Raritan Bay
belt, the Peneauken formation consists of beds of sand and grave]_
which occupy chiefly the divides between the streams. Where ereaio_
has proceeded so far that the ridges between the valleys have been
much dissected, the Pensanken formation occurs in isolated patches
only, on the higher hills which are the remnants of dissected ridges.
Where the stream valleys are shallow, and have no tributaries, or
only very shallow ones, the formation is continuous over larger areas.

In any given locality the base of the Pensauken is at a nearly-
constant level. This level varies in different parts of the trough.

In the vicinity of Trenton it is about 80 feet; near Bordentown, 90
to 100 feet ; south of Burlington, 60 to 70 feet. The altitude of the
surface on which the formation rests rises slightly to the cast, being

110 to 120 feet at Hightstown and Old Bridge. Still farther north-
east it declines again, having au elevation of 90 to 100 feet in the
vicinity of South Amboy. Toward the southeastern margin of the
trough, the altitude of the base at different points is slightly different;
thus at Kinkora the bottom of the formation has an altitude of about

85 feet; at Busthtown, 75 feet; at Georgetown, 100 to 110 feet; at
gobetown, I00 feet; near Arneytown, 130 to 135 feet; near Dis-
brow's hill, about 170 feet, and near Eoglishtown, about 180 feet.
The last two localities are near the border of the trough.

The surface on which the formation was deposited is therefore a

little higher near the center of the trough than at either end. The
variations in altitude may have existed when the formation was laid

Pag_52-60.
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down, though they seem to be due, in part at least, to subsequent
deformation. The differencesin altitude along the axis of the trough
are not sumcisntly great to interfere with the truth of the general
statement that the surface on which the Pensauken formation was

deposited was a peneplain.
To this general statement there are a few well-marked exceptions.

One of the most striking is at Kingston, where the base of the Pen-
sauken has an elevation of no more than 40 feet A.T. The relations

are such as to suggest that at the time of its deposition there was here
a well-marked valley, considerably below the general level of the sur-
face on which the formation lies.

Geographival diatrib_ion.--Conaidered with reference to its
geographical distribution within the general area specified, the Yen°
sauken formation is found to be best developed along the axis of the

trough, or a little northwest of it. Along this line it consists of
more extensive and deeper beds than elsewhere. Along the north°
west margin of the trough, it occurs as patches only, resting on the
shale slope of the trough, or rarely, as at Kingston, filling valleys.
Toward the southeastern margin of the trough, as the marl series is
approached, and as the surface rises slightly, the formation is repre-
sented by isolated patches, smaller and smaller in extent, capping the
higher divides and occasional isolated hills.

It may here be noted that isolated patches of the Peneauken occur
outside the trough to the northwest, while both isolated patches and
considerable areas are found outside the trough to the southeast. On
the north side, remnants occur at several points as follows : 1°, about
five miles north of Monmouth Junction, aud one to three miles north-
east of Griggstowu, several small areas, at elevations ranging from
130 to 150 feet ;_2°, just west of Rocky Hill at an elevation of about
150 feet ; 3°, a mile west of Harlingen, at elevations ranging from 120
to 150 feet ; 4°, just west of Flagtown, near Neshanic station, at an ele-
vation of about 140 feet ; and 5°, north of Raritan at a slightly higher
level.

On the south side of the trough the Peneaukeu has a wide distri-
bution. Near the Delaware river there is a belt where it is mainly

wanting. Farther east there is a belt running through Blackwood_
Mullica Hill and Woodstown, where it occurs in isolated patches,

capping the higher hills. Still farther east it becomes continuous.
In any limited area the baseof the formation has a tolerably con-
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etant level, but this level changes from point to point. In general it
declines to the west and south, and rather more rapidly in the former
direction than in the latter. At Fish House, on the Delaware river,
the upper surface of the formation can hardly be higher than 15 feet
A.T. This is the lowest position which the formation is known to
occupy. It here lies beneath the Fish House clays, the age of which
has been in dispute. It is certain that they are pest-Pensanken. In
the vicinity of Woodstown and Mnllica Hill, the region of isolated
patches of the formation_ its base has an altitude of 110 to 130 feet, but
at Riddleton, five miles south of Woodstown, it has declined to 75
feet. Two and one.half miles southwest of Marlton, and nine miles
sontheast of :Fish House its base is at 150. To the southeast it

becomes continuonsj or essentially so, along a line which corre-
sponds approximately with that already defined,* as marking the
northwest limit of the continuous body of the Beacon Hill formation.
The eastward extension of the formation has not been determined,
but it is reasonably certain that it covers most of the State southeast
of the line referred to. It is wanting, however, on the low lands
bordering the shore.

From its topographical and geographical relations, it would seem
that the Pensauken formation once covered nearly the whole of the
aonthern portion of the State, lapping up far on to the Triassic area,
and in places even reaching the crystalline schist highlands. It
seems to have been accumulated on a plain or peneplain, in which
there were a few well-marked valleys.

The formation, together with the plain on which it was deposited,
appearstohavebeensomewhatdeformedsinceitsdeposition.The
elevationseemsto have beengreatestalongan axiscorresponding
essentiallywiththatalreadynotedin connectionwiththeBeacon
Hillformation(page99).

Subdi_ido_ of the formation.--Wherc the Pensauken is best de-
-:eloped, along the central llne of the trough, it consists of two more
or leas distinct members. The lower of these is composed principally
of ark_e loamy sand, and the upper more largely of gravel. Both
parts are stratified, and grade into each other through alternating beds
of sand and gravel. The basal or sand member is more evenly strati-
fied than the upper. In the former, the stratification planes are oRen
nearly horizontal_ and the layers thin. Cross-stratificatlon, however,

*See ante, pa_e 100.
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is often well developed, and after a fashion which is rather peculiar
to this formation. The gravel member is more irregularly stratified,
and the gravel beds are frequently lens-shaped, as seen in cross-section.
They are frequently cross-stratlfied, and the planes of dip are often
high.

Constitution of the formalion.--This formation has among its con-
stituents all sorts of materials which the Miocene beds contain,
including Miocene conglomerate. It also contains materials from the
Cretaceous beds which underlie the Miocene, and which had been
exposed by the erosion which followed the deposition of the Miocene
and which preceded the deposition of the Pensauken. The Pensauken
also contains fragments of shale and sandstone from the Triassic
formation, as well as fragments of trap, gabbro, gneiss, granite_ chert,
Medina and Oneida sandstone and conglomerate, and probably frag-
ments from the Green Pond mountain conglomerate. This last
element is in some doubt, since small fragments of this conglomerate
are not always to be distinguished with certainty from bits of Medina
and Oneida. Thus it will be seen that the Pensauken formation is

llthologieally very much more heterogeneous than the Miocene.
Stated in more detail, the basal or sandy member of the Peneauken

consists of coarse, angular or sub-angular sand. The grains are often
an eighth of an inch in diameter. Individually, they are generally
transparent internally, but are stained by iron oxide on the outside.
The result of this staining is to give the formation as a whole n
yellow to orange color, sometimes grading towards reddish-brown.

Wherever exposures of any considerable depth are found, there
may be seen frequently small bits of decomposed feldspathic material.
They do not occur within three or four feet of the surface, their
absence being due apparently to the effects of weathering. These bits
of kaolin are a quarter to a half inch in diameter. They can hardly
be said to be abundant, yet in the area under consideration they are
almost never absent. Associated with the sand, often coating its
grains and sometimes eo abundant as to make a considerable part of
the matrix, there is a white or pale yellow, kaolin-like substance the
real nature of which has not been determined; where this material is
plentiful, it gives to the whole a sort of arkose appearance. Together
with the iron oxide which coats the sand grains, it gives to the forma-
tion a considerable degree of compactness in many places, and enables
it to stand in vertical or even hanging faces, ten fQet or more in
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height.Exposedfacesoftenhardento suchan extentas to be

difficulttocutorbreakthrough.
At somepointsthePensaukenformationcontainsa smallamount

ofmarl. Thismay be seenat Jamesbarg,and at numerouspoints
farthersouthastheoutcropofthemarlseriesisapproached.Never-
theless,when theformationisconsideredasa whole,thepresenceof
marlgrainsistheexceptionratherthantherule.
The basalor arkosesandmember ofthePensaukenformationis

presentthroughoutthecentralpartofthetroughfromSouthAmboy
to theDelaware.It isbestdevelopedsomewhatnorthwestofthe
axis.Stillfarthertothenorthwest,outsidethetrough,whererem-
nantsonlyofthePeneaukenarefound,thismember isnotconspic-
uous. Along thesoutheastsideof thetrough,thearkosesandis
absent,beingreplacedby sandymaterialwhich appearsto have
beenderivedchieflyfromthecomminglingofmaterialsfromthevar-
iousmembersoftheCretaceousand Mioceneseries.Throughoutits
entireextent,thearkosesandmember of thePensaukenmaintains
essentiallyconstantcharacteristics.
SouthoftheRaritanbay-Bordentownbelt,theformationisless

clearlydivisibleintothetwomembersnotedabove.The graveland
the coarsesand aremore uniformlycommingled,thoughitstill
remainstrue,thatthemoregravellyportionoftheformationislikely
toheabovethemoresandypert.In thesouthernpartoftheState,
too,thecolorismorelikelyto be redorreddishthanfarthernorth.
Occasionallythecolorisnothigh. When thisistruethereislittle
loam associatedwiththecoarsesand. Thisphaseoftheformation
may be seennearRiddletonand atBig Manningtonhill,southof
Woodstown.

The upperor gravelmember of theformationisheterogeneous,
both physicallyand lithologieally.In diameter,itsconstituents
rangefroma halfinchtofourfeet,thoughbowldersoflargesizeare
rare,and bowldersfourfeetindiameterespeciallyso. In spiteof

thegreatrangeinsize,thereisusuallya standardsizeforaeygiven
localitytowhichmostof thematerialconforms.Thus inoneplace
a halftothree.quartersofthepebblesmay fallbetweenthediameters
of oneandtwoinches.Therearelikelytoben fewcobblesthreeor
four or five inches in diameter associated with the smaller pebbles,
and perhaps an occasional bowlder.

To this general characteristic there are a few notable exceptions.
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In one ease, namely, at Kingston, the material ranges in size from a
foot in diameterdown to sand, and no one size can be said to be domi-
nant. Where bowlders or large masses of rock occur they are
usually not well worn, their forms often being those of slabs rather
than those of bowlders proper.

The lithological range of the material is wide. The following
types of rook occur, arranged approximately in the order of their
abundance :

1. (_uartz is always present, generally in the form of pebbles one
to two inches in diameter, rarely as oobblse and very rarely as small
bowlders. Much of the quartz appears to be such as might have
been derived from quartz veins in crystalline rock. Some of the
quartz has a distinctly columnar structure such as characterizes the
quartz veins of the Hudson River formation in the northern part of
the State.

2. Chert is always present. In size its fragments correspond in a
general way with those of quartz, though bowlders are wanting. The
cherts are often soft from decay.

3. Water-worn bits of iron_tone are almost always present along
the Raritau bay-Bordentown belt, but almost always absent south of
that belt. They are generally small, thin, chip-like fragments, an
eighth to a half inch thick and a half inch to six inches broad, but
without sharp corners and angles. Their proportion varies greatly.
Locally they are more abundant than any other material, but ordi-
narily they do not constitute more than one or two per cent. of the
whole.

4. Bite of crystalline rock of such types as occur in northern New
Jersey are always present within certain geographical limits. Here
are included bits of granite, gneiss, schist, syenite, gabbro, trap, etc.
These crystalline materials range in size from a half inch to four feet in
diameter, though pieces more than four or five inches across are rare.
The crystalline material is much more abundant north of the axis of
the trough, and disappears altogether along its southwestern margin.
Crystalline material of another type, derived apparently from the
Philadelphia gneiss, occurs in the formation in the southwestern part
of the State.

5. l_ed ehale aud_red and grey sandstone derived from the Triassic
formation to the north arealways present where material derived from
the crystalline rook formation is found. This class of material in-
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clude3 pieces of arkose congIomerats such as occurs at many points in
the Triassic formation of western New Jersey.

The constituents of this cla_s range in s_ze from minute bits to
pieces three feet in diameter, the large pieces being generally unworn.
These Triss_ic fragments are found as far to the south as Tuckahoe,
and have been noticed in the vicinity of Millville, Hammonton,
Coha_sle, Alloway, Woodstown, Marlton and Fish House. They
constitute one of the nest characteristic marks of the formation.

The remaining cocstituents are of little importance quantitatively,
though otherw_ significant. Their distribution is for the most part
more local than that of the preceding types.

6. A type of sandstone and quartzite distinguishable from the fol-
lowing is widely distributed, though usually not in great quantity.
It is especially present in the form of bowlders, varying in texture
from loaee sandstone to hard quartzite, and is often conglomeratic.
These bowlders correspond in kind with those which are common in
the extra-morainic glacial drift. They are the type of bowlders most.
common over all the extra-glacial region of New Jersey. So far as
lithological character is concerned, they might well be derived from
the Paleczoic (Cambrian) eandstone formations of the northern part
of the State.

7. The Oneida conglomerate and sandstoneand quartzite are gen-
erally represented by a small amount of material, in the form of
cobbles.

8. Pebbles and cobbles of red sandstone are found in small

numbers, which may well have come from the Medina formation,
though their identification is perhaps not beyond question.

9. A peculiar sort of sandstone is frequently found in pieces of
some size, which has peculiarities which seem to distinguish it from
the other materials, although it cannot be referred to any definite
formation. Their peculiarity is in their form, which is columnar.
They frequently seem to be sections of five or six-sided prisms, the
prism faces being often well defined, and the ends sharp. The bedding
planes of the sandstone are often distinctly seen in the columns, and
make an angle of seventy to ninety degrees with the columnar faces.
The texture is firm, and varies from medium to fine grain. The
sandstone is light brown in color, often somewhat resembling the
sandstone derived from the :BeaconHill formation.

10. Cobbles and small bowlders are frequently found which may
be referable to the Green Pond mountain formation. These are
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more abundant in the region south of New Brunswick than else-
where. Bowlders from the Green Pond mountain range are by no

means rare in the Jamesburg formation in this vicinity. They are
not to be mistaken for those in the Pensaukem

The composition of the Pensauken is such that it makes good road
material at many points. This is especially true where its matrix is
loamy or clayey, and where its content of ironstone, or of decomposed
rock bits, such as chert, granite, etc., is large. Where the matrix is
sand, and where the gravelly constituents named are absent or nearly
so, the material is too loose to pack readily in the roadbed.

Geographical variability of physical character.--The material of
the gravel member varies in size from place to place. There are
variations which are only local, and variatioDs which are more than
local. A line drawn approximately parallel to the outcropping edge
of the Lower marl, and about three miles northwest of it, would
mark the southern limit of the area within the Raritan bay-Bor-

dentown belt, where materials having a diameter of more than one
foot are common. Southeast of this llne, also, the average size of the
material is much less than that to the northwest. South of this belt

bowlders of considerable size occur, even to the limits of the forma-
tion, as at Millville. Northwest of this line, bowlders are especially
abundant in three localities. These are as follows: 1°, east of

Trenton, within five or six miles of the Delaware river ; 2°, south of

the gap in Rocky l:Iill where the Millstone crones it ; 3°, south of
Raritau bay, and along the valley of Lawrence brook.

Geographical variability of lithologleal eharaoters.--Geegraphieal
variations in the lithological character of the material correspond in a

general way with the geographical variations in its physical character.
The minor constituents of the gravel are the more variable in their
distribution, while the more abundant materials are more widespread.
Thus, while quartz is always abundant, the crystalline material of
northern origin is much more abundant along the axis of the Raritan
bay (Bordentown depression), and northwest of it, than farther to the
south. Southeast of the axis of the depresfioe, but still within its
limits, as the outcropping edge of the marl seriss is approached, the
lithological character of the formation changes to such an extent that
three miles or so from the marl series, the granitic or goeisslc and
Triassic materials are essentially wanting, and there remain only
quarlz, chert, ironstone, and a small but variable amount of sandstone,

8
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as constituents of the gravel. Farther south, as already noted, the
Phi]adelphia gneiss made its contribution, and it is suspected that the
Triassic material of the southern part of the formation may also have
come from Pennsylvania.

Within the northwestern part of the trough there are three locali-
ties where the crystalline materials are more abundant than else-
where. These three localities are the localities where the bowlders

are most abundant, viz., 1°, near the Delaware river ; 2°, south of the
gap in Rocky Hill through which the Millstone passes ; and 3°, the
region of Raritan bay.

Decompositiou.--Throcghout the whole area of the Pensauken,
the crystalline material is largely decomposed, and in most instances
thoroughly so. It is nothing rare to find granitic bowlders two feet
in diameter so thoroughly decomposed, even to their centers, that a
trowel can be as easily thrust into them as into a bed of clay. The
trap and gabbro bowlders are decomposed in like manner, but seldom
so completely. Large masses of these materials generally have a core
of firm rock. The Triassic shale, sandstone and conglomerate are
usually so thoroughly decomposed that it is difficult to remove a

piece of any size from a section where it occurs without having it fall
to pieces.

Source of the material.--The lithological character of the material
gives a clue as to its origin. There is but one known source whence
the Triassic material could have come, namely, the Triassic formation
to the northwest. Much of the gneissie material in the formation
near Trenton appears to have come from the Trenton gneiss, and
farther south from the Philadelphia gneiss. The other crystalline
materials seem to have come from regions farther north. The trap
doubtless came from the trap formations of the State. Certain gabbro
bowlders have been found, the source of which is not known. No

rock formation i_ known in the State which would have given origin
to them. At South Amboy, bowlders of crystalline schist, full of
garnets, have been fomJd, the source of which is not known. The
Medina, Oneida and Green Pond mountain materials speak for them-
selves. There can be no doubt that they came from the correspond-
ing formations in the northern part of the State or beyond. The
quarlz and the chert may have been derived originally from the
crystalline schist, and limestone formations of the northern part of
the State, or from adjacent areas in New York and Pennsylvania ;
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but as constituents of the Pensauken, they were probably derived
very largely from the Beacon Hill formation, which had been wholly
removed from the trough under consideration before the deposition of
the Peneauken. In the southern part of the State the material of the
formation came largely from the Cretaceous and Miocene formations
_)f that region.

Method oJ orlgin.--From the structure of the Pensauken, a
aubaqueous origin is inferred, especially when the nature of the
stratification is considered. The distribution of the gravel constitu-
ents points to the conclusion that'in "thenorthern part of the area
under consideration,they were largely contributed by the Delaware
xiver, by the river which then flowed southward through the gap at
Rocky Hill (the Raritan), and along a third line of supply which
may well have been the Hudson river, or the stream which came
down the west side of the Palisade ridge.

While the Pensauken was being deposited, the State seems to have
been submerged to such an extent that the low belt between the Dela-
ware at Bordentown, and lqarltan hay, wasconverted into a sound. At
the same time Delaware bay was greatly enlarged, reaching to Trenton
and beyond. Into this bay the Delaware river is believed to have
emptied just above Trenton, and the materials which it brought down
were spread as far as the waves and currents could carry them. To
this hay, also, the Schuylkill doubtless made important contributions.

With reference to the second line of supply, it may be said that
there is the best of reason for believing that the Raritan river formerly
flowed southward from Somerville up the present coarse of the Mill-
stone, through the gorge at Rocky Hill, to the junction of the Mill-
stone with Stony brook. Thence the Raritan seems to have followed
.up the presentvalley of Stony brook to Port Mercer,thence across the
low divide to 8hipetaukin creek, thence down that valley to the
Assanplnk, and thence to the Delaware. During the Pensauken
_ubmergence, the Raritan emptied into this sound at ]Kingston. From
that point the material which it brought down was spread in all
directions, giving rite to an abundance of arkose and crystalline
material in this vicinity.

The third source of supply is believed to have come down the
Hudson or the Hackensack valley, and to have been deposited south
of Newark bay. The material from this source has been less well
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studied, but it is clear that the materials contributed along this line
were somewhat unlike those contributed by the other two streams.

The presence of bowlders, even large ones, in the Pensauken for-
mation, as far south as the limit of the State, is suggestive of unusua_
conditions of deposition. The fact that some of them, especially
those in the eastern part of the State, seem to have come from some
source far beyond the northern border of the State, is also suggestive.
Not less significant than the great size of some bowlders, and the
great distance whence others have come, is the physical character of
certain others. Ma_es or slabs of'red Triassic shale a foot and mor_

in diameter occur thirty, forty and fifty miles from their nearest
po_ibie source. It is not of so much significance that these masses
are soft now, as that they were almost surely soft at the time they
were deposited as constituents of this formation. This is believed to
be true from the fact that very much of the Triassic shale seems
never to have been so bard but that, when wet, it could be readily
cut by a knife. Many of the Triassic slabs in the Pensaukeu belon_
to .just that phase of the Trias which seems never to have been hard.

When the distance which they have been carried is remembered, it,
seems almost incredible that such masses of shale could have bcea
carried from their parent formation by water alone. Even if this
were poesibie, it is difficult to see how they could have journeyed so
far and have still preesrvcd this angular form. It is not easy to see
how even the small bits of shale could have been transferred by
water the necessary distances, along with the hard quartz pebbles
with which they are associated. It would seem that, in the proee_
of transportation, they would speedily have been ground to powder.

The foregoing considerations seem to point to floating ice as a
co-operating agency in the production of the formation. Whether it.
was river ice, or icebergs is still au open question. It should be
noted, however, that no striated bowlder or stone has been found in
the formation.

Thlckness.--In thickne_, the Pen_auken varies from nothing to
fifty feet. So great depths as fifty feet are known in but two places,
and in both these the material appears to fill valleys somewhat below
the general level of the peneplain on which the Pensauken was
depoeited. No figure can be given which represents very accurately
the average thickne_ of the formation. Depths of ten to twenty feet.
are common, and depths of thirty feet can hardly be said to be rare.
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It is to be remembered that the formation, as now known, consists
only of remnants, but these remnants are often in such positions and
•elations as to make it probable that their depth represents approxi-
mately the original thickness of the deposit at the points where they
vccur. In the broad trough, the formation seems to be rather thicker
along the axis than toward the margins.

Age of the Pensauken.--There eau no longer be any doubt that the
Pensauken is the equivalent of the Lafayette formation of the south.
This conclusion was reached tentatively more than a year since.
Recently, Mr. McGee was kind enough to spend several days in the
study of the formation at various points, from Millville to Kingston,
and at the close of his study expressed his conviction, without qualifi-
cation or reservation, that the Pensauken and the Lafayette are one.

If the ice which co-operated with water in the deposition of the
Pensauken was berg ice--emanating from glaelers -it is believed that
it belonged to a glacial epoch antedating any which has heretofore
been recognized in North America.

F_zrpesures.--The following is a list of some of the good exposures
of the Pensauken ; they show different phases of the formation:
1°, the roadside pits south of Ransocns, where the base of the forma-
tion is much below its usual level ; 2°, a pit two and one-half miles
south of Burlington, on the south side of the ninety.foot hill ; 3°, the
gravel pit in the 106-foot hill, one and one-half miles due east of

Deacon's station (one of the best sectians) ; 4°, the gravel pit three-
quarters of a mile west of north of Jacksonville, in the 103-foot hill;
5°, a gravel pit three.quartera of a mile north of east of Bustleton
church ; 6°, a gravel pit one-half mile southwest of Busthton church;
7°, a gravel pit two miles west of Columbus, on the Columbus-Bur-
lington road ; 8°, a gravel pit at the cornerof the road which turnseast,
one.quarter of a mile northof the church,at Mansfield ; 9°,a gravel pit
south side of the Mount Holly pike, one mile northeast of Jobstown ;
10°, agravel pit at the cornerof the roadsone-quarterof a mile south of
Georgetown; 11°, a gravel pit oneandthrce-quartere miles northwest of
Chesterfield; 12°, east of Bordentowu, on the north side of the Borden-
town-Chesterfield road,one-half a mile northeast of thereservoir ; 13°_
a gravel pit above the clay pit one-half mile west of Crosswlcks---west
bank of creek; 14°_ a gravel pit three-quarters of a mile southeast of
Davis station ; 15°, a gravel pit three.quarters of a mile southeast of
£NewSharon; 16°,agravelpitjustnortheastofNewtownstation; 17°,
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a gravel pit one.quarter of a mile south of the corner near the church, at
White Horse; 18°, gravel pits one-half to three-quarters of a mile
northwest of the.above corner, on the road to Trenton ; 19°, a gravel pit
just west of the mceting of five roads near Mereerville; 20°,a gravel pi_
one-half mile northeast of Lawrence station, at roadside, forty rods
south of the corner ; 21°, gravel pits one and one-half miles southeast of
Lawrence station ; 22°, a gravel pit one-quarter of a mile southwest of
the above station ; 23°, a gravel pit three-quarters of a mile north ol"
Half Acre; 24°, a gravel pit, near the top of the hill, one and one-half
miles northwest of Englishtown ; 25°, the railway cut one-half mile
southwest of Jamesburg; 26°, agravel pit three-quartersof a mile south
of Jamesburg station ; 27 °, gravel pits and quarry one-half mile north
of the canal lock at Kingston ; 28o, a gravel pit oneand three-quartersto-
two miles northwest of Spotswood, east side of the road ; 29°, the rail-
way cut at Hardenburgh Corners ; 30°, a roadcut in the hillside, above
the hotel, at Old Bridge ; 31o a gravel pit oneand one-half miles north-
west of Old Bridge, and just east of the Middlesex driving park ; 32_
the railway cut of the Raritan and South Amboy railway southeast of
New Brunswick, near Lawrence brook; 33°, at very numerouspoints
about South Amboy, in railway cuts and gravel pits, especially in the
pit in the 147-foot hill ; 34°, a gravel pit at Bonhamtown ; 35°, a sand
pit one mile north of Raritan.

South of the be',t iu which the foregoing exposures are situated,
the formation may be well seen at the following points, at most of
which there are pits where the material is dug for road purposes :
36 °, the 181-foot hill two and one-half miles southwest of Marlton ;
37 °, two and one-half miles northwest of Berlin ; 38°, a railway cut
and pit just north of Pitman Grove; 39°, one mile northeast of
Wcodstown; 40 °, two miles south-southwest of Alloway; 4i °,
half mile south of Daretown ; 42°, at Cohansey ; 43°, at two pits
one and one-half and two and one-half miles, respectively, south of
]_Iillville, on the west side of the river ; 44°, at the railway cuts a mile
and a half southwest of Hammantou (Miocene at bottom); 45°, at
the railway cut near New Germany (Miocene at bottom); and 46° ,
at a railway cut aud pit three miles or s_ nor_hwast of Tuekahoe.

This by no means exhausts the list of exposures. The fact that so*
many of them are gravel pits tells its own story as to the value of the
formation, for purposes of road construction. The more sandy par_
of the formation is in demand in foundries.
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SECTION VII.

THE JAMESBURG FORMATION.

The Jamssburg formation, which next succeeds the Peneauken, is
disposed as a sort of mantle over all the formations of greater age in
central and probably in southern Jersey. South of the north line of
the Cretaceous beds, only a few of the higher points appear to be free
from it, except where its absence is due t(_ subsequent erosion. It is
altogether possible that the deposits which have been grouped under
this name should be subdivided. At any rate, both the formation and

its history are complex. Although studied independently, and its
relations fixed without reference to work which had been done eles-

where, there can no longer be any doubt that the Jamesburg of New
Jersey corresponds to the Columbia of the south as defined by McGee.
Not only this, but it is also clear that there have been referred to the
Jamesburg, deposits which correspond in a general way with the
"high-level" and "low-level" Columbia. The relation of these two
subdivisions to each other has not yet been fixed with certainty, but
will receive attention in the immediate future. It has not yet been

found possible to draw a sharp line of division between the two
phases, but there is some reason for believing that this may be done.
The areas which promise the best results in this line have not yet
been studied in detail with this in mind. From a slight knowledge
of the formation in the south, it is believed that the Columbia of that

region has been made to include even more than has been included
under the name Jamesburg in New Jersey.

Distributlon.--The Jamesburg formation occurs throughout most
of the trough-like depression referred to in connection with the Pen-
eauken formation, and extending from Trenton and Burlington on
the Delaware, to Raritan bay. It not only covers the bottom of the
trough, but laps up onto its sides both to the northwest and to the
southeast, and apparently somewhat higher in the latter direction
than in the former. Although most of the southern part of the
State has not been studied in great detail, it is believed that the

Jamesburg is there essentially continuous, the higher hills and ridges
only being above its level. North of the trough referred to, it has
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little development. There are some isolated deposits up the valley
of the Delaware, which may belong with the Jamssburg, but this
correlation cannot be looked upon as beyond question. The geo-
graphical distribution of the Jamssburg formation is quite as wide as
that of the Pensauken. Within the general area of its occurrenceit
is much more nearly continuous, being wanting only on surfaces
whicharesosituatedastofavorerosion.

InsomeplacestheJamesburgformationdoesnotappeartoriseso
high asthePensauken.Thus alongthenorthwestborderof the
depressionreferredto,theupperlimitof theJamesburgappearsto
be ingeneralabout130feet,whilethe'Peasaukenreachesa some-

whatgreateraltitude.At onepointonly,nearPennington,doesthe
Jamesburgseemtorisenotablyabove 130 feet,and eventhereits
identificationisnotbeyondquestion.The contourmarkingthelevel
referredto(130feet)istheapproximatenorthwestlimitoftheJames-
burg,fromtheDelawaretothemoralnejthoughnearthemoraineit
iscoveredby sandandgraveloflateglacialage.

_he stratigraphic rela21ons.--The Jamesburg formation is uncon-
formable on the eroded surface of the Pensauken ard older formations.

It covers the remnants of the Pensauken in many places, and in closely
associated localities rests on various members of the older formations

from which the Pensauken had been removed before the deposition
of the Jamesburg. Apart from the broad unconformity thus sug-
gested, there are minor irregularities of the underlying surface, which
may be seen at many points. These are of various sorts and are of

varying significance. Many of them denote stratigraphic uncon-
formity_ others arc the result of the upturning of trees which sent
their roots through the Jamesburg into the Pensauken beneath.

Con_titutian.--The constitution of the Jamesburg formation is as
variable as that of the Pensauken, or perhaps even more so. Its
character is influenced by subjacent and adjacent formations, to a
large extent. Within the area where the Pensauken is well developed,
the material of the Jamesbnrg is of such a character as to suggest that it
was derived principally from the former. The most conspicuous
point of difference between the two lies in the fact that the James-
burg never contains the soft, decomposed materials of the Pensauken.
The granite, gneiss, etc., which arc especially characteristic of the
Pensauken, are never present in the Jamesburg; neither are the soft
bits of red shale, or soft pieces of decomposed chert. The action of
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waves or of running water upon the Pensankeo would give rise to a

product very like the material of the Jamesburg. Such action would
¢educe the decomposed materials of the former to the condition of
loam, sand, etc. In keeping with this suggestion, it is to be noted that
the Jamesburg material is often much more loamy than the Penseuken,
and is sometimes rather clayey. At some points it would seem that
some contribution of clay-loam must have come in from some other
source, if the bulk of the Jamesburg was derived from the Peasanken.
Locally the Jamesburg is sandy. This is especially true where the
underlying formation is Miocene send or gravel, or an unusually
sandy phase of the Peasauken. The Jamesburg is never arkose, even
where the Pensauken beneath is notably so.

Along the northwest side of the trough, the Jamesburg may be
said to be a gravelly loam. The loam predominates above, and the
gravel is relatively more abundant below. This is shown at the
brickyards about Trenton, and the same relations have been observed
at many other points where exposures are le_sgood or lees accessible.
It contains bowlders, along with smaller stones. The bowlders are
occasionally glaciated, and those which bear the marks of ice are
_o-extensive with the formation, so far as it has yet been studied in
detail. The bowlders are almost wholly of sandstone, such as are
abundant in the extra.morainic glacial drift. They are much more
abundant along the northwest side of the depression referred to, than
farther southeast.

Along the southeast side of the trough the character of the James-
burg changes, and changes in a significant way. The Pensauken
formation was more largely removed from this region than elsewhere,
before the deposition of the Jamesburg. It therefore made less con-
tribution to the latter, while the contribution of the underlying
Cretaceous and Miocene was correspondingly swollen. Thus green
sand becomes much more abundant in the Jamesburg as the marl belt
is approached. Its prevalent character is that of a marly loam. To
the northwest the glanconitio material does not extend more than two
_)r three miles from the line of the marl outcrop, except along the
valleys coming out from the marl belt. Along these the presence of
green sand extends farther from its source. The proportion of
glanconite decreases with increase of distance from the marl belt.

On the south side of the depression heretofore referred to, the

Jamesburg takes on a significant phase. Even on the higher lauds
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sDuth of the marl outcrop it contains a considerable amount of gree_
sand, and that at levels considerably higher than the outcrops of the
marl, showing clearly that green sand from the marl was lifted by
the depositing waters and finally dropped at levels considerably
above its source. In such situations the Jamesburg is a green loam,
containing at its base more or less gravel derived from the bed on
which it rests. This green glanconitic phase of the Jamesburg i_
well shown in the railway cut at Fountain Green (top of section). It
may also be seen resting on Mioeene_at an elevation of 214 feet, two
miles east-northeast of Cream Ridge, and at an elevation of 180 feet,
three miles southwest of Marlton. Its presence may be said to be
rather general along the southeast side of the line of marl outcrop.

The hlgh-level Jamesburg is ofmn very thin. Where it re_ts o_
the Pensauken it frequently has the appearance of being but the
weathered part of the ]utter, so that it is often very difficult to dis-
tinguish between them on lithological grounds. So true is this thab
study had been long in progress before the existence of the "high-
level" Jamesburg over the higher areas of the Pensanken was
regarded as demonstrated. The great body of facts now in possession,
however, has put the existence of this phase of the formation beyond
questiov.Thisstatementis madewithfullrecognitlouof thefact.
thatgood olxerversmightseescoresof sectionsof Jamesburgand
Pensauken,theoneovertheother,withoutsuspectinga subdivision,
unlessattentionwas especiallydirectedtothematter.Even thenit
isprobablethatninesectionsoutoften,orperhapsforty-nineoutof
fifty,wouldfailtobeconvincingon lithologicalgrounds.Bat the
tenthsectionor thefiftiethisconclusive,and carriestheothernine
orforty-ninewithit.
As willbe pointedoutlater,thereis,independentof lithologisal

considerations,sufficientreasoninthetopographyoftheregionwhere
theJamesburgiswelldeveloped,todemonstratethesubmergenceof
theareaswhereitispresent,subsequenttotheerosionwhichfollowed

thedepositionofthePensauken.There are,therefore,two inde-
pendentlines of evidence, either of which is believed to be quite
sufficient for the recognition of the high-level Jamesburg as distinct
from the Pensankcn, and both of which, taken together, do not leave
roomforquestion.Neverthelessthenatureoftheevidenceiumost

placesisnotof sucha characterastocarryconvictionatsight.
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The low-level Jamesburg is not less variable than the high-level.
At low altitudes it commonly rests on formations older than the Pen-
sauken, and is so far unlike them lithologically as to be dietinguishe@

as a separate .formation without difficulty. As compared with the
high-level portion of the formation, it seems to contain materials
gathered from somewhat wider sources. This is especially true in
valleys, where the nature of the formation at any given locality may
be influenced by all formations which lie above it along the line of
drainage.

8tructure.--The Jamesburg formation is less well stratified than.
the Pensauken. Where exposures can be found which go below the_
frost line, stratificationis shown more or less distinctly, even tbougt_
crude and irregular. The stratification lines are often much contorte_
and bent upon themselves. In some cases the contortion reaches such
a degree as to strongly suggest that some shoving or thrusting or
kneading action has taken place. This irregularity and contortiov,
of stratification are among the anomalous features of the formation_
and for them no adequate explanation has been found.

Another point in 'thestructure should be mentioned. The forma-
tion is composed of gravel, sand and loam, and the gravel is rather
more abundant below than above. Nevertheless the pebbles are, on.

the whole, rather evenly distributed throughout the other materials,
instead of being concentrated in definite belts and layers.

Topographic relatlons.--The high-level Jamesburg is known to
reach an altitude of 214 feet, but it is not known that this is its
maximum height. The low-level phase is sometimes not more than
forty feet above the sea-level.

Occasionally the formation is dispose_ in the form of rude terraces.
It is possible that such parts, as well as the covering of some of the-
broad fiats along valleys, are of sub.a_rial origin.

One of the most striking characteristics of the Jamesburg forma-
tion is its relation to the pre-Jamesburg topography. From the
higher points within the area where the Jamesburg and Pensauken
formations are distributed_frequent views can be had which show the
existence of well=developed systems of valleys, which are altogether
out of keeping with the existing streams in the matter of size.
Some of them, indeed, are not occupied by streams at all. The main
valleys of these systems are broad and shallow, and their tributaries_
have a similar character,indicating that the streams which made them_
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had a long history. The forms of the valleys show that the streams
which cut them were not rapid streams, and that the surface of the
land was not high during their excavation. Clear as it is that these
systems of depressions are river valleys, examination of the details
of their topography makes it clear that there are many minor features
which are not the result of erosion. The slopes to these broad
valleys are not always erosion slopes_so far as the details of their
enrfaces are concerned.

Topography of the formation.--The Jamesburg formation mantles
the valleys and the low divides between them. It is superimposed
upon an erosion topography, but disposed with sufficient irregularity
to give rise to certain distinctly non-erosion features. Quite apart
from its topographic distribution, then, the Jamesburg formation has
a topography of its own, which is not its least significant feature.
The topography of the formation, as distinct from its topographic
relations, is the topography for which the disposition of its material is
cesponsible, independent of its base.

There are two types of topographic features, due to the irregular
disposition of the Jameeburg material. These are---1 °, low curved
_idges, and 2°, saucer-shaped depressions. The little ridges are three
¢o ten feet in height, have a width of twenty to forty feet, and a length
of forty rode or less. Cross.sections of them have been seen now
and then, and they have a concentric structure, the center of which
is not in the center of the ridge, but on its concave side. These
ridges are by no means co-extensive with the formation, and are much
more commonly developed along the pre-Jamesburg valleys and slopes
than elsewhere.

The other topographic feature, the sinks, is much more widespread.
They are often associated with the ridges, but occur at many points
where the ridges do not. Indeed, they are essentially co-extensive
with the formation itself. Certain points in their distribution will be
_oted farther on.

The little ridges ofLen run out from slopes into the valleys, or on to
the lower land adjacent. Several of them are sometimes associated,
forming tangles of ridges, which then inclose shallow, undrained de-
preseious. Where the ridges and intervening depressions are abund-
antly developed, the topography sometimes takes on an aspect whioh
suggests the topography of weakly-developed moraines. Analysis of
the topography shows that it really differs from that of a moraine,

NEW JERSEY GEOLOGICAL SURVEY



TI_E STATE GEOLOGIST. 125

chiefly in that there is a certain system in the arrangement of the de-
pressions. They also appear to be somewhat definitely related to each
other in the matter of size. This arrangement often stands in a
definite relation to the arrangement of the valleys, and to the erosion
topography beneath the Jamesburg.

The following features and relationsoccur with sumcient frequency
to be designated as general characteristles, though they are not to be
seen everywhere : 1°. In any restrictedarea where the depressions are
abundantly developed, they have an approximately constant depth.
Thus, in any region where a depresslon is three fast deep, the adjoiu-
ing deprsssiens will be found to depart but little from this depth. 2°.
There is a general relationship between the depth of a depression and_
its diameter. A depression three feet deep is usually three or four
rods wide, while one ten feet deep is fifteen to twenty rods wide. 3° .
A line may be drawn connecting any two of these basins without pos-
sessing significance; but if three basins be found to be lineally
arranged,other basins are likely to be found in the same llne. In
such a linear series the individual depressions are likely to grow pro-
grossively larger from one end to the other (a partial exception to 1°
above). In the direction in which the depressions increage in size,
the series is likely to connect finally with some gully or small valley.
In regions where the deprsssiens are few and single, nearly all of
them are found at the heads of small valleys. 4° . Where the ridges
are numerous and have various courses, undrained depre_ions are
nece_arily formed by their intersections. Many depressions, how°
ever, have no relation to the little ridges. They frequently occur _m
plains and along valleys where the ridgesare absent. The depressions
are likely to be found in cols across divides which separate consider-
able drainage systems. 5°. The ridges are especially well developed
along the line a little northwest of the center of the Bordentown-
Raritan bay trough. This is the line where the Raritun clay occuss,
and it is also the lowest line along the trough. The latter considera-
tion is probably the one which has determined their presence. 60.
Within this area, the ridges are best developed along lines marking
changes of the slope from a higher to a lower level, and especially on
the slopes to broad valleys. They often run out into valleys, and
some¢imes entirely cross them, thus interfering with drainage and
giving rise to marshes. 7°. In some instances there seems to be a re-
lationship between the little ridges and the angle of the slope from
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which they project. So far as such relation can be said to exist, the
ridges seem to be longer on the gentler slopes, and shorter on the
steeper ones. 80. Where the small ridges are developed, they are usually
even-crested, narrower and higher at one end, and lower and broader
at the other. Besides being curved they are often hooked at the
lower end. Branches are sometimes given off from their convex
sides. The secondary ridges are never higher than the point at which
they leave the main ridge. 9° . The material of the ridges generally
resembles the material of the higher land from which they jut, more
closely than the material of the formation immediately beneath them.

_hlckness.--The thickness of the formation varies from nothing
to thirty feet. Nowhere does it attain so great a thickness as that
represented by the latter figure, except where pre-Jame_burg valleys
have been filled with it. At the higher levels, its average thickness
can hardly exceed five feet, and in many places it does not exceed
three.

The origin of theforraation.--Until the whole area of the forma-
tion has been studied with care, all conclusions concerning its origin
must be regarded as tentative. It seems certain, however, that the
formation was produced during the submergence of the area which it
covers. There seems to be no other explanation of the high-level
portion of the formation possible, and submergence of the areas where
the high-level portion of the formation is found must have involved,
necessarily, the submergence of the areas where the low-level portion
is found.

It will be recalled that the Jamesburg is locally a glauconitin loam,
mingled with gravel, and that this phase of the formation is found at
the highest levels where the formation is known. The association of
gravel with the loam make3 it certain that it is not an eolian deposit.
The fact that the gravel contains, in some places, water, wm'n bits of
iron. stone, derived .from the indurated Tarts of the underlying .Pen-
sauken, shows that water was the agent concerned in its deposition.
Locally the stratification of the deposits is clearly such as water alone
could produce.

The little ridges which have been noted are confidently believed to
represent the work of waves and shallow water currents. It is not
easy to see how otherwise they could be built out across valleys, or
how they could be built half way across them.
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There is,furthermore,the singularphenomenon of well-developed

systemsof erosionvalleysoutof allkeepingwith the streamsthat

<)ceupythem,and insome caseswithoutstreamsof any sort. These

valleysweredevelopedafterthe Pensauken deposition,as shown by

theirrelationtothatformation.These valleys,aswellas the inter-

veningdivides_aremantledby theJamesbnrg. The depressionsand

|ittleridgesreferredto oftenaffectthesevalleys,some of which

appear never to have possessedstreamssincethe Jamesburg was

deposited.

Itwould be poesihleto thinkof the shallowdepressionsasbeing

due tothesubjacentformations,e.9'.toitsunequalsettling.In this

connectionitmay be recalledthattheyare bestdevelopedoverthe

Raritanclayand claymarl formations.But similardepressionsdo

vaotaffectthe surfaceof theseformationswhere the Jamesburg is

absent,and similardepressionsare presentwhen the underlying

formationsarenotRaritanclayorclaymarl.

The ridges,on theotherhand,do notappeartostandinany other

than an accidental relationship to the underlying formations. In

many eases the ridges are responsible for the sinks_ as already noted_
and the more rational conclusion seems to be that the two features

have a common origin.

If the formation was produced by submergence of the area which

it covers, there were two epochs, one during submergence and one

during emergence, when each part of the surface was at sea-level.
Effective wave action on the surface at any given level was limited
to the time when the water was shallow. In the case of the broader

• hoals, the effect of the waves would be to develop them into flats,

bearing the material cut off from these surfaces to the deeper water
about them, thus enlarging by deposition the flat produced by plaoa-

tion. If some such action as this has taken place_ the time involved

being short, it would have left the surface very much as we find it.

From. the shoals, waves and currents would have built bars and spits
here and there. These are believed to be represented by the ridges

referred to in the foregoing pages, although their constitution does

not always seem to necessitate this conclusion.

At certain stages of the submergence, and again at corresponding

stages of emergence, the cols along the divides were converted into

little straits connecting the larger bodies of water on either side. At
these stages the higher hills and ridges were islands. Through these
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little straits the tides and waves worked with more or less force, anc_
might have given rise to the phenomena which are found in these
positions.

Examination of the coast survey charts of various parts of the
Atlantic coast shows the existence of topographic features which
seem to be similar to those of the area under consideration, in the
shallow water off shore. 8o far as can be made out from the data of

these charts, there appear to be low, ridge-like swells, often curved iD
form, associated with, or sometimes even inclosing basln-llke depres-
sious_comparable in all respects to those which affect the surface of
the land area.

As seen on the coast survey charts, these depressions are often eight
to ten feet deep. They are especially well shown on chart 180, ov
the west side of the peninsula of Florida, but they may be seen in
greater or less development on almost any of the charts from New
York south, where there are small islands connected by shoals.

Topographic features of this sort affect the coastal plain area in
various localities far south of New Jersey. The sinks, the ridges,
and the undulating topography to which their association gives rise,
are wall seen in some parts of Delaware and Maryland, and perhaps
still farther south.

A further reason for believing that the formation was laid down
during submergence of the area it covers, is found in the presence of
glaciated bowlders, in positions which glacier ice did not reach_and
in positions to which streams could not have carried them. The only
agent which seems competent to account for them is floating ice, and
floating ice means submergence. The period of submergence must
have been short, since the thickness of the formation is so slight.

While submergence would seem to account for the phenomena of
the Jamesburg formation, there is a difficulty in accounting for the
absence of certain phenomena which, under this hypothesis, it might
be thought should be present. Here may be mentioned the fact that
distinct shore lines for the Jamesburg sea are wanting, and the further
fact that marine fossils have not been found in the formation. The

absence of fossils from the high-level part of the formation at least, is
not strange. The deposit is so thin that surface-weathering might
easily have destroyed them. The absence of shore lines was long
regarded as an almost fatal objection to the submergence theory ; but
the growing body of evidence has led to the conclusion, concerning
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which no doubt is longer entertained, that this is the real explanation
of the origin of the formation. It may be that the absence of dis-
tinct shore lines needs explanation, but this must be found in some
other direction than by denying the submergence.

Where the pre-Jamssburg erosion had advanced so faras to develop
broad low-level fiats, Jamesburg material must have been deposited
on them at the same time that the hlgh-level Jamesburg was being
deposited. During the emergence of the land which followed the
deposition of the high-level Jamssburg, sedimentation must have
been continued over the lower surfaces after it ceased on the higher.
A part of the low-level Jamesburg is therefore quite certainly con-
temposaneons with the high-level part of the formation, while another
part of it is younger. How much younger is not now known.
Neither is it known whether all which is classed as low-level James-
burg was really continuous iu origin, following on from the date of
the high-level portion of the formation. It is possible that the low-
level Jamesburg of the valleys, especially that which is disposed in
the form of terraces, was deposited by streams and not by the sea.
It is very probable that definite subdivisions of this formation may
yet be established.

Age of the Jamesburg.--The amount of erosion accomplished since
the deposition of the Jamssburg is slight. This is shown not only
by the various facts already mentioned respecting the undrained
depressions along the axes of valleys, hut also by the undissecte_i
fiats of this material even where in close association with considerable
streams. Perhaps the most notable of these is the uneroded surface
northeast of New Brunswick, toward Bonhamtown. Either the

formation is very recent, or conditions since its development have
been most unfavorable for erosion. In many places the constitution
of the formation is such as not to facilitate erosion, since it is so
porous as to allow precipitation to sink beneath the surface rather
than to force it to flow off over it.

The presence of glaciated bowlders in the Jamesburg formation
seems to connect it with some stage of the glacial period. The
bowlders are of the type which belong to the extra-mosainic, and not
to the morainic drift. This would seem to place it before the last
glacial epoch. Its relation to the Trenton gsave_s points in the same
direction. Yet the small amount of erosion which it has suffered

seems hardly consistent with its correlationwith the earliest glacial
9
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epoch. The presence of the "old" drift type of bowlders might be
accounted for, if it be supposed that the old drift was already in
existence when the Jamesbarg was developed. The exact age of the
Jamesburg, in terms of the glacial period, is one of the questions
which awaits solution, so far as New Jersey is concerned, though it
is not believed to be insoluble.

The time relations of the low-level Jamesburg are even more
uncertain. It seems'certain that this portion of the formation is in
part younger than the other, and some of it may be much younger.
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SECTION VIII.

Pos'r-JAMESBURG FORMATIONS.

Along the valley of the Delaware, reaching up to elevations of
about sixty feet in the vicinity of Bordentown, but declining gradu-
ally to the southward, there is more or less sand, gravel and loam,
which is later in origin than the Jameeborg formation. The follow-
ing section at Edgewater Park, at an elevation of forty feet, indicates
the character of the later formations as seen at various points :

4. Two to five feet of yellow sand--probably eolian.
3. Five feet of dark-colored clay, somewhat resembling certain sub-

divisions of the Clay Marl series, but unlike the clay marl in that it
does not carry iron pyrites or glanconite. It is greasy to the touch in
some places, and gritty in others. It is horizontally bedded, and in
places laminated, the laminm being somewhat irregular.

2. Ten feet of sand, the upper half quite like that at the surface.
The lower half contains many bits and grains of shale and greywacke,
which strongly suggest its correlation with the glacial gravels and
sand of Trenton.

1. Two feet of gravel, in which quartz greatly predominates. The
other materials are not such as to be altogether unequivocal, but they
strongly suggest the correlation suggested by the sand.

The type of gravel found at Edgewnter Park is seen at other
points along the Delaware river, from Edgewater Park to Florence,
.on the north, and to Philadelphia, on the south. The gravel some°
_imes appears in the form of little knolls without covering of other
material. More commonly it is overspread by sand containing the
greyish materials noted above. Much of this sand may perhaps be
of eolian origin, but it appears to have been derived from the Trenton
gravel material.

At several points along the Delaware, clay loam is found having a
chocolate.brown color. This may be seen a mile and a half south-
west of Kinkora, where it is used for brick ; at Kinkora, where it is
stripped off from the surface of the main clay pit ; a mile southwest
of Fie]dsboro, at Graham company's clay pit ; and a mile and a half
_orthsast of Bordentown. At this point, the section is as follows :
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3. Five feet of dark-colored clay loam, more or less mottled with
yellow.
2.Two feetof sandandgravel.
I.Cretaceousclay,ClayMarlseries.
ThissurfaceloamandclayloamalongtheDelawareseemsto be

dispo_edon a plainwhichgraduallyrisesfrom aboutthirtyfeetat
EdgewaterPark,toaboutsixtyfeetatBordentown.Southof Flor-
ence,thisclayloamoverliessand,theconstitutionofwhichindicates
thatitistobecorrelatedwiththeglacialgravelsofTrenton.North-
eastofFlorencetheclayloamismorecommonlyunderlainbygravel.
At HolmesburgJunction,Penna,sixto tenfeetofstratifiedsandy
loamoverliesandandgraveloftheTrentongravelseries.
Thereissomeindicationthatthevalleysof thestreamstributary

totheDelawareriverfromCrosswickscreek,southtoRancocascreek
werefilledup toaboutthehveltowhichthisclayloamrises,atthe
timeitwas deposited.The eilectof thisfillingcan be _ up,
thesetributariesfordistancesvaryingfromthreetosixmiles.The
evidenceseemstopointtothecorrelationofthisloam withthelast.
stageofthedeposition,of whichtheTrentongravelsarethefirst.
The correlationof theseyoung formationsborderingthe lower
courseoftheDelawareriverand Delawarebay,canonlybe finally
made by carryingthestudyfarthersouth,and determiningitscon-
nectlonsin thatdirection.It iswell-nighcertain,however,thatit
willbefoundtoconnectwithwhatwasdescribedasthefourthphase
ofthe"yellowgravel"formationintheAnnual Reportfor1893.
Thiscoversthesurfaceof theeasternand southernportionsof the
Stateup toanaltitudeoffortytofiftyfeet.Itispossiblethatapart
ofthelow-levelJamesburgofthevalleysof SouthJerseyisto be
correlatedwiththisformation,occupyingthe lowlandsaboutthe
coast.InthateventitisclearthattheJamesburgmustbesubdivided.
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SECTION IX.

ROAD MATERIAL.

From the standpoint of road construction, the State may be divided
into five un(qual areas. These are--1 °, the area east of the hlgh-
]ands and north of the moraine ; 2°, the highland area ; 3°, the area
west of the highlands as far south as the border of the Triassic area ;
4 °, the Triassic area outside the moraine ; 5°, the area south of the

Trine. While the regions thus defined are not always very distinct,
still the problems and the difficulties presented are somewhat different
in these several tracts, and somewhat similar within the limits of each.

1. In the northeastern part of the State the surface material is not
well adapted for roadbeds. This is the region where stratified drift
is most abundant, and the stratified drift is usually too sandy to make
good roads. Where the drift is of the other type (till), it is often
too clayey for road purposes, so that good highways ran be secured
only by the use of some material which shall be free from the
disadvantages both of clay and of sand.

Much attention has already been given to the construction of roads
in this part of the State. The inexhaustible supply of trap rock,
_vhlch furnishes material admirably adapted for roadbeds, has already
been drawn upon to a large extent. The results speak for them-

•elves. Where this material is available, nothing else is likely to be
extensively used.

2. The highland area (crystalline schist) of the State is much less
densely populated than the preceding, and, in consequence, less atten-
tion has been given to the construction of roads. In many parts of
_his region, the nature of the soil and surface material are such that

fairly good roads have been secured without the expenditure of great
labor. There is an abundance of gravel, though it is less well dis-
tributod than could be desired. On the whole, it is too loose, too
free from binding material, to give the best results. A slight admix-
ture of some substance which would help it to pack, such as clay,
loam, shale or trap, would add greatly to its value. It is probable
that a judicious use of the materials at band would obviate the neces-

sity of importing crushed rock or anything else. i

NEW JERSEY GEOLOGICAL SURVEY



134 ANNUAL REPORT OF

3. In the Kittatinny valley the drift is composed largely of shale
and slate, and is, in consequence, of such composition as to make
road construction an easy matter. Even where the drift is thin, or
eseentially absent, the problem is not more difficult, since the slate
itself gives a roadbed which leaves little to be desired. Where the
driR does not give a good roadbed directly, and it is sometimes too.
sandy, shale or slate gravel is usually within easy reach. The
problem of good roads in the northwestern part of the State presents
ne serious difficulties, so far as proper material for roadbeds is con-
cerned.

4. Throughout most of the Triassic area south of the glacial drift,
the shale and the products of its decay affords roadbeds which are
fairly good most of the year. In many parts of the tract, trap is
accessible if anything needs to be added, and in a few places there is
gravel of excellent quality. It is only where the surface is too fiat
for good drainage, that the construction of fairly good roads is likely
to be difficult or expensive. Throughout much of the area it is true
that the addition of trap to the roadbed would be an improvement,
and an improvement which would be notable especially during times
of excessive moisture or drought.

5. South of the red shale area, the road problem is a much more
serious one. In this, the largerpart of the State, the surfacematerials
are of such a character that they do not usually give good roadbeds

directly. Much of the surface is so sandy that even passably good
roads can be had only by the addition of foreign material. Where
the surface is gravelly, the gravel is often so free from binding
material that it will not pack. Throughout most o{ this area, road
beds must be made_ if roads are to be in good condition at all seasons
of the year, and in all conditions of moisture and drought.

There is no local source of trap in this part of the State. Neither
is it so connected by railways or canals with the region where trap
occurs, as to render the importation of this material inexpensive. It
follows that any local supply of good material for the construction of
roadbeds is of especial importance. Fortunately, there is an abund-
ance of gravel, some of which is of such a character as to be admir-
ably adapted for immediate application to the roads. To be adapted
for immediate application, gravel must have the proper degree of
coarseness, and must have either 1°, a matrix which will cause it to
pack or "bind " in the roadbed; or 2°, it must contain some
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physical element which will crush under traffic, thus furnishing the
material which will act as a matrix. Gravel of both these types is
found in abundance in many localities, but it is by no means distributed
over the total ar_a under consideration.

Gravel of the first type is found in many places where the Pen-
sunken is well developed. In a few places gravel is found with so
much iron oxide coating its pebbles, that this takes the place of a
matrix. This sort of gravel occurs at Shark River.

So far as concerns gravel of the second type, v_z., that which con-
tains physical elements which will crush under traffic, attention may
be called to two constituents which are often present. The_e are--
1e, bits of ironstone, which ere sometimes very abundant in the Pen-
seuken and Inter formations, and 2°_ bits of decomposed chert_ which

are found especially in the Beacon Hill and Penseuken formations.
As constituents of the Peneanken and later formations, the bits of
ironstone are derived chiefly from theindurated layers or lamin_ of
the Cretaceous and Beacon Hill strata. As constituents of the James-

burg, they are derived from the same formations, and from the Pen-
sunken besides. In the Jamesbnrg formation, gravel Of this sort is
often found in valleys which have their sources in Cretaceous hills,
which are capped with remnants of Beacon Hill material. The
streams have carried down the iron crusts from both formations,

along with quartz pebbles from the upper one, and have deposited the
two together.

The gravel, of which the ironstone is a constituent, is by no means
confined to valleys. While it is widespread, it is found abundantly
only in those regions where there were hills and ridges composed of
the Cretaceous strata at the time the Pcasauken formation was de-

posited. This general principle defines the area where the ironstone-
bearing gravel is pleatifn]. It is found especially along a belt south-
east of the trough referred to in the preceding pages--that is, along
a belt extending from the :Nave.sink Highlands, on the northeast,
through the Mount Pleasant hills and the Clarksburg hills, to Arney's
Mount, on the southwest. Within this area, gravel which is com-

posed largely of ironstone, is of frequent occurrence, and gravel which
has enough ironstone to allow it to pack, is still more widely dis-
tributed. Nevertheless, the supply is limited, since it often occurs in
small beds only. The ironstone is mainly in the form of flat chiw,
a fraction of an inch thick, but always water-worn. These chips
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break and crush easily under the wheels, so that their presence iu

proper quantity constitutes the gravel containing them an excellent
road material.

There are several other classes of material which are, or may be,
used directly with more or less success for the construction of road-
beds. There is 1°, a variety of coarse,more or less arkose sand, such
as often forms the matrix of gravel in the Pensanken formation. It
is found in the Pensauken formation, at many points, constituting,
indeed, its sandy or loamy member. 2° . Gritty marl. This is refer-
able to one of the formations later than the Beacon Hill, mainly
Jamesburg. It consists of Cretaceousmarl, worked over and mixed
with more or less coarse sand. This type of material may he seen a
short distance northwest of ]STewEgypt. 3° . Bog iron ore, which
crushes readily and gives a hard roadbed, occurs in considerable
quantity in various marshes. One locality, where it is abundant, is a
mile or so northwest of Perrineville. It will probably be found to
exist in many marshes where it has not yet attracted attention. 4° .
There is, in many places, an abundance of gravel which has too little
matrix, or too sandy a matrix, to give roads of the highest excellence,
but which is still much better than nothing, for use upon the
highways.

While all the materials mentioned in the preceding paragraph have
been n_ed to greater or less extent, their possibilities have by no means
been exhausted. While each of these materials, taken by itself,
will serve to improve bad roads, it is probable that the greatest value
of each will be found to be in combination. The gritty marl, the
bog ore, and the arkoea or mealy sand, will each be better in combina-
tion with gravel than alone; and since gravel is so much more
abundant than the others, economy of material would urge their com-
bination. This ran be etfected easily where the various sorts of

material occur in closely associated localities. This is sometimes,
though unfortunately not usually, the case. Where the gritty marl,
the bog ore, and the arkoss sand are wanting, there is frequently clay-
loam which might be combined with the gravel advantageously. It
is well-nigh certain that intelligent experimentation in the way of
combining accessible materials would abundantly repay the cost
involved.

In the more enterprising communities many excellent roads have
been constructed of the local material derived from the Peusaukan
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formation, roads which are second only to the trap roads of the north-
eastern part of the State. Many of the roads about Vineland,
Bridgeton, Millville, Woodstown, as well as many country roads in
the belt of rich agricultural land a few miles back from the Delaware,
in the southern part of the State, are sufficient testimony to the excel-
lence of the material. In judging of the qualities of this sand and
gravel,forroadpurposes_fromtheroadswhereithas beenused,
accountshouldalwaysbe taken--1°,of thecarewith whichthe
£oundationwas preparedforitsreception;2°,of theamount of
materialusedinthefirstplace;3°,ofthecarewhichtheroadhas
receivedsincethematerialwasfirstapplied;and4°,ofthelengthof
_ime during which the road has been in use. Where the material to
be used on a road is cheap_ there is always a tendency to make poor
t_reparation for it--and to take little careof it after it is once applied.

Brief reference is here made to some of the localities where road

material is found available either in its present condition or in com-
4)ination. The references are by no means exhaustive, as much of
the southern part of the State has not been studied in detail. Fuller
data are at hand concerning the southern part of Mercer and Middle-
eex counties_and the western parts of Monmouth and Burlington,
than for other regions.

Southern Middlesex co_tnty.--The available road material of
_outhern Middlesex county consists of gravel, with a loamy or arkose
matrix, and a small amount of bog iron ore. In many places, the
gravel has a matrix such that it packs well in the roadbed, as taken
from the pits. In other cases, the matrix is of such a character or
quantity, that combinations of material might be madeadvantageously.
Some of the more important localities where available road material
occurs are s_ follows : In the vicinity of South Amboy, much that
is good for immediate application, and much arkose sand that would
.be improved by the addition of gravel ; in the vicinity of Old Bridge,
especially to the northwest; at several points northeast of I_[illtown,
within a mile or two of the village; one and one.half miles north-
west of Spotswood; in the southwest portion of South Brunswick
•township, as, for instance, a mile southeast of Fresh Ponds ; a mile
and a half southeast of Dayton, and northwest of the same place; at
Kingston ; north of Red Tavern (Monroe township) ; south and west
of Old Church, especially on the hill-tops; about Half Acre, and
thence southeast to Gravel Hill ; south and southwest of Jamesburg ;
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at variouspointson thehighlandsbetweentheStateReformSchool
andEnglishtown;onsomeofthehighinter-streamareasofCrenbary
township;andalongsomeof thestream-fiats,asa halfa milebelow
Cranburymill.Most ofthegravelherereferredto belongstothe
Pensaukenformation,thoughthatalongthestream-fiatsisyounger.
SouthernMercereounty.--Atvariousplacesin thepartof Mercer

countyunderconsideration,thecharacterof thesurfacematerialis
suchastoafieldmoderatelygoodroadbedswithouttheadditionof
anysortof material.Therearerelativelyfewareaswherethesup-
plyofgoodroadgravelisabundant,thoughtherearemany localbeds
of gravel, which are sut_cisnt for local needs. Mention may be made
of the arkose sand at Hightstown, which would bear admixture
with gravel, and of gravel at various points in Hamilton township_
in the vicinity of Hamilton Square, Mercerville (Sandtown), Dog-
town, White Horse and Lawrence station. The road material of
theselocalitiesbelongsto thePeusaukenformation.Much of it
containsconstituentswhichcrushreadily,andsosupplythematerial

forrenderingtheroadbedcompact.
The northwsstera par_ of Burlington county.--That part of Bur°

lington county which has been studied in detail, has an abundant
supplyof roadmaterial.While much of itisof sucha character
thatitcanbeappliedtotheroadsdirectly,moreof itcouldbemixed
advantageouslywithmaterialwhich would helpitto pack more
readily under trafile. Even this latter class of material must be
regarded as available for the construction of roads. The road material
of this county may be grouped as follows :

1°. Gravelly loam.--In this c]ass of material it frequently happens
that loam and gravel arc associated in about the right proportions to
make good rcadbeds. It is also common to find the gravel without
sufficient loam, or with none at all. In such cases a slight admixture
of clay or marl will supply the deficiency. The matrix of the gravel
is sometimes sharp sand, associated with some white, kaolln-like aub-
stancej which helps the whole to pack under the wheel, When the
same sort of sand occurs alone_ as is sometimes the ease_it often packs
well in the roadbed, but does not appear to be very durable under
heavy traffic. The materials classed under this general heading some-
times vary too far in the direction of coarseness, containing consider-
able quantities of cobbles, which need to b.e removed before applica-
tion to the roadbed.
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Areas where gravelly loam occur are mostly near the Delaware,
especially on the higher lands between the tributaries to this stream.
Tracts of greater or less extent within which this type of material is
abundant, occur east of Bordentown, and between that city and Crees-
wicks; a mile southeast of Crossw!cks; northwest of Mansfield
Square ; between that place and Fieldsborough ; a mile or less east of
Kinkora ; about Bnstleton ; a few rods northeast of Deacon's station ;
half way between Deacon's station and Burlington, on the south side
of the railway; in the vicinity of Rancocas; and two miles south of
Burlington.

All of these areasof gravelly loam are remnants of the Pensauken
formation which have escaped destruction by erosion. They are all
at elevations ranging from 70 to 100 feet, the lesser figure belonging
to the areas farthest to the southwest. The total areaof these several

patchesamountstosomething like sixteen _q_are miles, and the
average depth of material is probably about ten feet. It is not to be
inferred, however, that all the gravelly material to a depth of ten
feet within the tracts noted is good for road purposes. Rather should
it be understood that in these various areas there are considerable

beds of loamy or sandy gravel capable of furnishing materials which,
either in themselves or in combination, are valuable for the construc-
tion of roadbeds. Gravel pits have already been opened in all the
places mentioned, and in many eases experience has shown that the
material, as taken from the pits, is of excellent quality.

lron_tone gravel.--Another type of gravel which is avaiiable for
the construction of highways occurs in limited patches over a belt of
territory somewhat farther east, lying between Ellisdale and Wain-
ford on the northeast, and Jobstown on the southwest. This second

type of gravel consists of bits of ironstone, together with small
pebbles of quartz. The gravel frequently has a matrix of marly clay
and sand. The especial excellence of this type of material inheres ia
the abundant pieces of ironstone, which crush readily under the wheel
and afford an excelhnt matrix for the other constituents of the gravel.
Unlike the'preceding type, this gravel rarely contains stones which
are so large as to be objectionable, and a much larger percentage of it
is in such a condition as to make it available without the admixture
of foreign ingredients.

A number of points are known where this sort of material occurs,
but unfortunately beds of it are often extremely local. It is probable
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that it exists at many points where not exposed, but its distribution
is so fortuitous as to make its discovery difficult without actual exca-
vation. It is known at the following places: Three-quarters of a
mile south of Walnford, three quarters of a mile west of Arneytown ;
at several points just east of Chesterfield within the distance of a mile ;
at several points between Chesterfield and Georgetown, a mile north-
west of the latter placej and on several summits south and southwest
of it, within the distance of a mile or two; at Mansfield, at a point a
mile and a half west of south of Jobstown, and a mile east of north
of Juliustown. Like the preceding type, this gravel occurs mainly
on summits and divides, and at similar elevations. Like the other
also, it belongs to the Peneauken formation. The ironstone gravel is
much less extensively developed than that of the preceding type, but
most of it is immediately available.

Quartz gravel.--The third type of gravel consists principally of
small quartz pebbles. In itself it does not always pack well, hut
with a slight admixture of the proper sort of binding material, much
of it would make excellent roadbeds. Some sort of marly loam
would supply its inherent deficiency. This type of material is found
at intervals from Arney's Mount to Arneytown. It occurs in Arney's
Mount, in the ridge south of Juliustown, on the summits north and
south of :Fountain Green, between Wrightstown and Springfield;
short distances southeast and also west of Sykesville, and on several
ofthesummitswithina miletothenortheast,northand northwest
ofthatplace.ItappearsagainjustnorthofJacobstown,andbetwcen
JaeobetownandArneytown,aswellasa halfmileeastofthatplace.
ThisclassofmaterialbelongslargelytotheBeaconHill(Miocene),

thoughsomeofitistobereferredtothePensauken.
Grittymarl.--AshortdistancenorthwestofNew Egypt thereis

an areawhere marlyclayexists,containinga veryconsiderable
amountofsharp,coarsesand. Ithasnot beensufficientlyusedto
establish its merits as road material, but temporary results from its
use seem to be good. Similar gritty clay is found at various points
from Juliustown to Springfield Church, and thence to Georgetown,
but it has not been brought into general use. Northeast of New
Egypt this type of material is common along the border of the
pines, and in that region it ISoften the only available road material.
Geologically, this material belongs to the Jamesburg formation.
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MONMOUTH COUNTY,

tVestern Monmouth eounty.--In the western part of Monmoutk
county (that part which appears on sheets 8 and 12), there is an
abundance of road material of variable quality, but it is not alto-

gether well distributed. In some considerable tracts there is no
gravel, while in others it is abundant, but unfortunately not asso-
clsted with loam or anything else which gives it the packing quality.

Millstone township is much better supplied with material which
can be used for roadbeds than any other portion of western Mon-
mouth county. Within this township lie the Perrineville-Clarks-
burg hills, in which there is an abundant supply of gravel, though
much of it has too little matrix to make it immediately serviceable.
There is here a considerable amount of gravel, however, which has

the proper sort of matrix in proper quantity. One of the best expo-
sures of gravel of this sort occurs in the hill-top a mile east of Per-
rinevUle, and about eighty rods north of the road, while another pit
of excellent material is situated a mile northeast of Clarkshurg.

Nearly all the hills from Pine hill southwest to Clarkshurg are
capped with gravel (Beacon Hill)to a greater or less extent. Oa

• the slopes of thsee hills also, and on the benches against their elopes,
there is frequently a sufficient accumulation of gravelly material to
be workable. The gravel on the slopes (Penseuken) does not_
generally pack so well as that upon the hill-tops, chiefly because it is
essentially wanting in the decayed and easily-crushed chert, which is a
constituent of the high-level gravels. In some localities, on the other

hand, the low-level gravels contain a considerable quantity of iron-
stone in small pieces, and this serves the same purpose as the chert.

A mile northwest of Perrineville there ara a number of marshy
areas where bog iron ore occurs in considerable quantity. This ore
is likely to prove one of the mo_t important local sources of road
material. Its most economical use will probably be found to be in
association with gravel, for it will supply the proper binding material
for a large body of gravel which otherwise would be of little value.
Aside from the bog ors just referred to, there are a number of swamps
and marshes in this township where considerable quautities of similar
material are known.

The hilly eastern portion of Upper Freehold township has road
material comparable to that of Millstone township in kind, quantity
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and distribution. Here, as there, gravel is found upon the hill-tops,
as well as on their slopes. The latter is often better than the former,
because of its abundant content of ironstone chips. Outside the
hilly part of the township, gravel of good quality is found in many
places, hut beds of it are not extensive, and considerable tracts have
llone.

Other arsas.--There are many localities outside the area which has
been studied in detail where road material of good quality is known
to occur. The following list of localities where pits for road material
have been opened, while not exhaustive, may serve to show how
widespreadavailable material is. In many localities the gravel is of
high grade and ready for application to the roadbed, as taken from
the pit. Ocean county, 1°, two miles south of Lakewood; 2°, east
and northeast of Toms River, where inditrerent material has been
used so as to make fairly good roads; 3°, near Statfordville. In
]_udinylon county, in addition to localities heretofore specified, 1°, at
Woodmansie. In Camden county, 1°, two miles southwest of Marl-
ton ; 2°, at various points two and three miles northwest of Berlin.
In Gloucester county, 1°, near Pitman Grove; 2°, at Jefl-ersonville, a
mile or more northeast of Mullica Hill. In _z_em county, 1°, at
Woodstown ; 2°, a mile northeast of Woodstown, at Point Airy ; 3°,
near Daretown ; 4°, at points near Richmanville ; 5°, two miles
south-southwest of Alloway, near the triangulation station, Burton ;
6 °, at Cohansey. In (7umberland eouuty, 1°, at several points west
of Bridgeton ; 2°, one and one-half miles northeast of Bridgeton ;
3 °, a mile northeast of Millville depot ; 4°, west of the river at
Millville; 5°, several points neRrVineland.

At most of the places here mentioned, the material is from the
Pensanken formation. It is safe to say, that wherever this formation
is present, there are good possibilities in the way of road material.
Hundreds of places could be located, on the basis of present geological
knowledge, where good road gravel may be found and easily obtained.
There are many large areas where good roads are almost unknown,
where excellent material is close at hand, and could be had for little
more than the cost of the labor involved.
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SECTION X.

EXPLANATION OF THE GEOLOGICAL MAP OF THE
SURFACE FORMATIONS OF THE VALLEY

OF THE PASSAIC AND SURROUND-
INGS-SHEET 6.

The geological map accompanying this report, and covering the
area of sheet 6 of the topographic atlas, is a preliminary map of the
surface geology of a eonsiderable section of northeastern New Jersey.
The surface formations are those which lie at the surface, without

regard to their age. They do not belong wholly to any one period of
geological history. Some of those repre_uted on the map belong to
an early stage of that history, and they appear on the map because
they are not overlain and concealed by other formations of later age.

Complex as the map may seem at the first glance, a few general
statements will suffice to make its leading features clear.

In the eastern and northeastern portions of the map the dominant
color is green. This color represents the area where the surface
formation is unstratified drift till* deposited by glacier ice during the
last glacial epoch. The ice advanced from the north-northeast, and
the southwestern limit of the green color (dots and circles) represents
the limit of its movement. A generalmap of the State, accompanying
the Annual Report of 1893, shows the total areaof the State covered
by ice during the glacial period, and reference to it will make clear
the relations of the glaciated area of sheet 6, to the glaciated areas
farther east and west. While all the green of the map (except the
yellow-green lines in the southeastern corner) represents glacial drift
of the last ice epoch, it is to be noted that a belt of green, darker than
that of most of the map (dots instead of circles), extends from Perth
Amboy on the southeast to Rockaway on the northwest. This
darker green represents a belt of thick drift, marking the position
where the edge of the ice stood for a considerable period of time.
This belt of thick drift is the terminal moraineJ"of the last ice epoch.

*See Annual Reports of the State Geologist for 1691, page_ 66-71, and 1892,

l)age 28.
t See Annual Reports of the State Geologist for 1891, pages 61-S ; 1892, pages 39,

and 73_8; and 1893, pages 124-151.
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It does not represent the outermost limit which the ice ever reached,
but it marks the position where the terminus of the ice lay for a
period sufficiently long to accumulate a very considerable thickness of
drift. Outside the terminal moraine, that is, to the west of it, there
are a few small areas of glacial drift, also representedby green, which
are believed to have been deposited by the ice of the last glacial
epoch, which, at some stage in its history, advanced a little beyond
the position of the moraine.

A special phase of the till is differentiated from the main body,
and designated drumlins.* Drumlins are not numerous. Such as
exist within the area covered by this map are to be found north and
northeast of Newark. The legend indicates the manner in which
they are represented.

Associated with the green color on the map, there are many areas

of yellow. These lle partly on one side of the moraine and partly
on the other. They represent the stratified drif_ deposits made by
the waters resulting from the melting of the ice. When the edge of
the glacier occupied the position of the moraine, the waters produced
by its melting, and flowing from it, carried sand and gravel far
beyond. This is especially notable in the area extending from Plain-
field to Bound Brook and beyond, and in the area south of Morris-
town_where l_,be Passaic lay when the ice edge stood at the moraine.

As the ice melted back to the northeast, the waters arising from its
wastage deposited more or less sand and gravel along the lines of
drainage, thus giving rise to stratified drift northeast of the moraiae_
and represented on the map by the yellow-colored areas in that
position.

The stratified drift assumed different forms in different positions.
Outside the moraine it was sometimes deposited in the form of plains

(overwash plalm),l" as from Plainfield to Metuehen, and sometimes in
the form of narrow belts along valleys (valhy traius) _ Within the
area covered by the ice, it sometimes assumed the form of hillocks
(kames),§ especially where the water issued from beneath the ice.

* See Annual Report of the State Geologist for 1891, pages 71-5.
1See Annual Reports of the State Geologist for 1891, pages 95-9 ; and 1892, pages

4)-1 and 96-102,

Se* Annual Reports of the State Geologist for 189L pages 96-8; and 1892, pages
40-1 and 102-4.

See Annual Reports of the State Geologist for 1891_pages 92-5 ; and 1892, pages
42, 84_et ,_¢_.
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The kames are represented on the map as distinct from other phases
of stratified drift, as shown in the legend, but it is sufficient here to

emphasize the fact that all the areas colored yellow are covered by
stratified drift deposited during the last glacial epoch. Within the
moraine the stratified drift deposited by glacial waters often overlies
and conceals the drift which was deposited by the ice itself, at a
slightly earlier time.

To the stratified drift of the last ice epoch belong also the few
eskers* represented by the narrow belts of red dots, such as that run-
ning from Alton to Hanover. The eskers are in all cases narrow
ridges. Their origin has been elsewhere discussed.

The special significance of the terms used to designate the several
phases of drift may be ascertained by referring to the recent annual
reports. The volumes and pages where the terms are defined are
given in the accompanying foot-notes.

It is to be remembered, then, that the green dots and circles repre-
sent the deposits made by the glacier ice of the last ice epoch, and
that the yellow dots and circles, and the small red dots arranged in

narrow belts (eskers), represent the depceits made by glacial drainage
during the same epoch. With this in mind, it is to be noted that in
the southwestern portion of the areacovered by the map, the colors
are such as to throw this part into sharp contrast with the area
covered by the glacial drift. Barring the yellow, which has already
been explained as belonging to the drift, there are three principal
formations represented in the southwestern part of the map, marked
by the brown dashes, the blue lines and the red checks respectively.
There are also two subordinatedevices, viz, the orangedots, especially
in the western and southwestern portions of the map, and the red
circles in the southern and southeastern part. All areas marked by
these devices were beyond the reach of the ice of the last glacial epoch.

The brown dashes, covering the area west of l_orristowu, repre-
sent the schist and gneiss formation of the crystalline highlands,
where the same is not concealed by inter formations. The schist and
gneiss underlie some of the glacial drift in the northern part of the
area covered by the map. Within the area marked by the brown
dashes, the surface soil and subsoil were produced chiefly by the
decomposition of the underlying rock. While the schist and gneiss

*See Annual Reports of the State Geologist for 1891, pages 89-92; and 1892,
pages 41-2 and 79-83.

lO
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areveryold,thesoiland subsoilwhichcoversthem,andwhichwas

producedby theirdecay,may berelativelyyoung,sofarasitspresent
conditionisconcerned.

The redchecksrepresentthetrapridgesknown asFirst,Secondand
Thirdmountains_orcollectivelyastheWatchungmountains,together
withsome minorareasof thesame sortof rock. It istobenoted,
however,thatthered-checkedareasrepresentonlythesouthwestern
endsofthemountainsnamed. The northeasterlycontinuationsofthe
sameridgeswerecoveredby theiceofthelastglacialepoch,andthe
traprockistheregenerallyconcealedby thedepositswhichtheice
made. Nevertheless,thebodyof drifton thenortheasternportions
ofthesemountainsisnotgreat,and inmany placesthetraprockis
butthinlycovered.Locally,indeed,itisnearlybare.The attempt
hasbeenmade torepresentthefactthatthecoveringofdriftisoften
verythin,by lettingth_redchecks,representingthetrap,and the
greencircles,representingthetill,appeartogether.Thisisshownat
Livingeton_atvariouspointsnearLittleFallsand Paterson,andin
thevicinityof Whitehall.Where glacialdriftcompletelyconceals
thetraprock_itislargelymade of materialderivedfrom theridges
themselves.

The areasmarkedby bluelinesrepresenttheshaleand sandstone
of Triassicage--theNewark formation--wherethe same is not

coveredby anyyoungerdeposit.Like theschistand thetrap,this
formationunderliesmuch of thedrift.A map showingthesurface
geology,however,representsitonlywhere itliesat thesurface,
unconcealed.Where theTriassicshaleand sandstoneformationis

coveredby glacialdrift,the latteris composedverylargelyof
materialderivedfromtheformer.

The orangedots,suchasappearsouthof Rockaway,aboutMend°
ham,and atvariouspointsbetweenBernardsvilleand Somerville,
representglacialdriftwhichisbelievedtobe much olderthanthatof
theareascoloredgreen.Thisisthedriftwhichhasbeenreferredto

in preceding reports as extra.morainic.* Its occurrence in patches
only, is believed to he doe to the fact that much which was originally
deposited has been removed by erosion. The scattering dots of this
color on the crystalline schist area represent seatterisg bowlders of
drift.

The red circles in the southern and southeastern portion of the

* See Annual Report._ of the State Geologist for 1S91, pages 102-8 ; 1892, pages
60-72 ; and 1893_ pages 73-123
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map represent areas where some phase of the "yellow gravel" series*
is found. All formations of this series, from the Pensauken on,

are represented. Where the circles are scattered over the area of
Triassic shale, they represent a thin covering of the gravel, too thin
to conceal the shale beneath. The yellow gravels were deposited

during submergence of the areas where they occur. The isolated
remnants near Hillsborough, Clyde, etc., show that much erosion has
taken place since the deposition of the Pensauken. The Peneauken
formation is shown at the pit at Bonhamtown. It is the oldest of

the yellow gravel formations of the area covered by the map, and is
usually covered by a thin layer of the Jamesburg, the next succeed-
ing formation. The red dots covering the low lands about Rurltan
bay are of relatively recent origin, and correspond with the fourth
stage of the yellow gravels, as set forth in the Annual Report for
1893 (p. 68).

The yellow-green lines which appear at a few points in the south-
eastern corner of the map, represent areas where the Cretaceous
formation is not covered, or where it is but ill.concealed. Many of

these areas are large clay pits, where the Cretaceous has been artifi-
cially exposed.

Wherever two or more colors or devices occur together on the same
area, their association means that the two formations represented
by the devices separately, occur together, so far as the surface is con-
cerned. Thus in the southwestern part of the map, at the bases of
the trap ridges, there is a commingling of the red checks, representing

trap_and the blue lines, representing shale. This means that trap
talus has descended the slopes of the ridges, and is mixed with the
residual material arising from the decay of the shale or sandstone.

The alluvial plains along the streams are designated by a separate
color, as shown in the legend, as also are swamps and marshes, and
areas covered by wind-blown sand. When the latter is thin, as in
the vicinity of Millstone, the dots representing the eolian sand are
associated with the devices representing the next underlying formation,

which, in this case, is red shale.
The heavy brown lines in the central part of the map represent the

outlines of Lake Paseaic.t Within that part of the basin which lies

*See Annual Report of the State Geologist for 1893, pages 53-72; also the
sections of this report on the Pensauken_ the Jamesburg and the lx_t-$amesburg
formations.

/-A map of Lake Passaic accompanies the Annual Report for 1593. For discussion
of the lake, see Annual Reports for 1892, pages 126-144 ; and 1893 pages 225-328.
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outside (west of) the moraine, there are occasionial small green circles,
which represent bowlders, or small patches of drift, which ere believed
to have been carried to their present position by icebergs which floated
out on the lake during the last glacial epoch.

It should be noted that the base on which the geology is represented
is a topographic map. The contour lines are somewhat obscured by
the colors, but in most areas they can be made out with little difficulty.
Attentive study will bring out many interesting relations between
the topography and the geology of the region.

EXPLANATION OF PLATES.

Plate 1.

Figure 1.--Prnfile of the gravel deposits and of the stream in the Flat brook valley.
Line o b e d represents the aggradation level of the kame terraces to the recessional

moraine (d) above Layton. The line * f represents the aggradation level from the

Layton moraine to the moraine (f) near Montsgue. The line g h represents the
aggradation level above the latter moraine. The gravel does not at all points readh

the lines which here represent the aggradation leve_s, as the kame terraces are not

continuous. The llne h i shows the present slope of the Flat brook.

Figure 2--Profile of the gravel deposits and streams in the _ub-valley extending

from Columbia to Deckertown (Paullns kill). The line a b-h shows the aggradation
level of the terraces, kame terraces, and kames from Cohlmbia to the recessional

moraine near Balesville. The terraces do not at all points reach this height. They

are at lower levels or wanting in many localities. The more notable interruptions
are indicated between b and c, between d and e, and between f and g. At i the Bales-

ville moraine crosses the valley. Line k I shows the slope of the low gravel terrace

along the Paulins kill and its tributary from near the moraine to Branchville. The

line k m shows tile rise of this terrace in the main valley to the moraine northeast of

Augusta. The line f: ,_represents the gravel terrace along the Paulins kill as far as

Lafayette. The line ,, p shows the aggradation level in the valley northeast of Frank-

ford Plains ; q ," shows the sggradatlon level of kames in the Papakating valley north-

e:t_tof Roy'sS:ation. The brokenlinepristheextenslonof theaggradationleve]I

o 1' to the high terrace_ at the mouth of the Little Papakating; s t shows the gradient

of the P_tullns kill from the Delaware to Lafayette. The line just below and parallel
to k I show_ the gradient of the Branchville tributary t_ the Paulins kill. The llne

,* shows the gradient of the Papakating creek from the divide northeast of August_
to near Deckertown.

Figure 3.--Profiles of gravel deposits and present _treams along the sub-valley
from the moraine at Danville (Peque_t), through Germany Flats to Van Sickles,

northeast of Deckertown. Line a b ¢ d shows the aggradation level of the stratifiedP

deposits from the moraine to a point above Huntsville. The line e f shows the

aggradation level from Brighton to the moraine (f) north of Germany Flats. Th_

dotted line a o shows the poorly-defined aggradation level of the Hamburg-Decker-
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{own kame-belt, the short lin_ below showing the heights of the principal kames.

The dotted line p q shows tile aggradation level of tile kame-belt northeast of the
Deckertown delta i)lain, the fnll llne just below it showing tile surface of the karae$.

g h shows tile gradient of the Pequest river from the moraine to Huntsville ; h i the

gradient of the tributary along which this profile is taken. The lines j k show the

gradient of the small streams draining part of Germany Flats, and the line l m the

gradient of the present drainage through White lake and the Wallkill, as far as
Franklin Furnace.

Figure 4.--Represents in profile the relation of tile stratified drift along the valley

of the Ramapo. a b represents the gravel aggradation level flora Pompton to Oak-

|and. Between these point deposition seems to bare been continuous and uninter-

rupted. From b to e stagnant ice forms are developed with a nearly constant upper
level, e f represents a deha-like body of drift, g h represents a stretch of gravel

deposited while the ice edge stood at h i. i j ret)r_ents another section of valley-

filling, the deposits being made when the edge of the lee stood at some undetermined

point north of the State line.
It is not to he understood that the gravel reaches the level indicated Iff these

i)rofiles at every point. The profiles are intended to express general relations only.

Plate 2.

This plate shows the general direction of ice movement in the last glacial epoch,
as recordedJby the stri,'e. The directions are necessarily generalized_ and the local

deflections due to the more prominent topographic features are not adequately repre-

sented. The arrows are in the positions of recorded stri_e, though the)- represent

but a small proportion of those which have actually been observed. The heavy line
xepresents the approximate position of the moraine.

Plate 3.

Figure L--Is a section from a point on the Millstone river, above Griggstownj to
Pine hill (a mile northe_ast of Perrineville) and beyond. It is e_entially in the

direction of the dip of the strata involved. It shows the disposition of the pc_t-
Cretaceotts formations and their relations botb to the older formations and to each

other. The section especially shows the great amount of erosion which took place
after tha deposition of the Beacon Hill formation before the Pensanken was laid
down. It likewise shows the relation of the Pensauken to the Jamesburgj as well

_he amount of erosion which intervened between them.

Figure 2.--Is a cross _eetion from Arney's Mount to Pine hill apl)roximately in
the direction of the strike of the several formations. The relation of tile Beacon

Hill_ Pen._auken and Jamesburg formations to each other and to the older formations
are shown.

Figure 3.--Is a section from Rancocas creek to Crosswick's creek, approximately
along the line between the villages of the same names. The section illustrates

especially the peneplain character of the Cretaceous surface on which the Pensauken

formation was deposited, and by inference_ the great amount of erosion which fol-

lowed the deposition of tile Beacon Hill formation before the deposition of the
l)e_sauken.
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ARTESIANWELLSIN SOUTHERN
NEW JERSEY.

BY LEWIS WOOLMAN.

INTRODUCTION.

Commencing with and including the year 1889, the writer has
contributed to each successive annual report papers concerning the
development of artesian wells in southern l_ew Jersey, and showing
the persistent extension, one beneath the other, of various water-
bearing horizons. The facts thus presented have abundantly demon-
strated that water may with certainty be obtained by artesian borings
atanylocalitywithinthisportionof theState.Whiletherehave
beena few failures,and in factveryfew in comparisonwith the
entirenumberofsuchwellsputdown,thewriterisconvincedthatin

nearlyeverycasesuchfailurehas beendue,nottoabsenceof water-
bearing s_rata,but to other causes, such as the passing and shutting
off"of the water-producing horizons, the collapsing of the easing or
some other mechanical mishap, while in some cases discouragement
has caused the discontinuance and abandonment of the work just
before reaching the water.yielding sands.

The various wells are comprised in three groups :
1. Those associated with Miocene strata--these are necessarily

located upon the ocean side of the State, but may cover a wide belt,
which reaches inland along the railways from Atlantic City as far as

the neighborhood of Winslow, if not farther.
2. Those associatedwith Cretaceousstrata--these are located along

a belt fifteen to twenty miles wide, bordering the Delaware river, and
also bordering on the east a line extending from Trenton to Wood-
bridge, N.J. Wells so located cannot possibly draw from Miocene

(153l
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horizons because Miocene deposits are mostly entirely absent from
this belt, while on the contrary wells within the Miocene region may
be continued entirely through such Miocene deposits and reach water-
bearing sands within the underlying Cretaceous.

3. For convenience we classify under a third division wells in
strata, both newer and older than those in which the wells of the tw_
previously-defined groups are bored.

The wells in the newer strata draw from thd Pleistocene or other

Quaternary sands and gravels that rest nearly horizgntally upon the
beveled edges of the more steeply-dipping Miocene and Cretaceous
beds, while those in the older strata obtain their supply either from
the Triassic rocks or from the much older crystalline rocks.

The Pleistocene beds being mainly superficial, wells therein may
be found located anywhere in the area under consideration. The
wells, however, now reported in the older soiidified rock deposits are
situated either on the western margin of the Cretaceous belt, or a
short distance beyond its border.

It may be here stated that no mention is made in the above olagsi-
ficatlon of the Eocene, which certainly exists between the Miocene
and the Cretaceous in this State, but we have no artesian well to
report at this time that draws from beds of this age.

Wells belonging to the first and second classes, if located upo_
ground not more than ten feet or thereabouts above sea-level, will
genesaliy overflow, or if situated upon higher ground, the water will
rise to ten feet or more above tide. In some cases, however, the rise

is considerably more, as in the region about Marlton, where it averages
at least fifty feet above sea-leveh

The details of wells published at this time emphasize the persistent
extension of three of the most important water horizons of southern
New Jersey, viz., one in Miocene strata some distance beneath the
great 300 to 400-foot diatomaceous clay bed, and having a thickness
of about sixty feet, one in Cretaceous strata, beneath the Middle
Marl bed, from which it is separated by a crust, only a few feet thick_
which contains belemnites and shells of the Gryphea, an extinct oyS-
ter. This horizon has a thickness, at least in Salem county, of

about eighty feet, and has probably a similar thickness in Cumber-
land county. The other horizon is at the base of the Cretaceous ds-
posits, and, in fact, at the base of the entire series of the coastal plain
sediments in New Jersey. It consists of a very coarse quartzose
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gravel, often containing large cobbles. The thickness of this deposit
has not yet been determined, but it holds an abundance of water.

It should be here stated that previous annual reports have demon-
strated the occurrence of another valuable artesian horizon interme-

diate between the last two horizons named, viz._ at the base of the-
Lower Marl bed. This horizon supplies wells at Freehold, Red,
Bank and Rumson's Neck, and also a number of wells at Asbury
Park and Ocean Grove.*

There are, therefore, four marked water horizons beneath southern,
New Jersey, each of which is capable of furnishing a large quantity
of water.

There has also been noted by the author in the Annual Report for"
1899. five other water horizons higher than the four above named.
These five horizons are either interbedded in or are closely associ-
ated with the Miocene diatom clay bed. Most of these higher hori-
zons furnish but little water, as compared with the four lower one_
defined above. The two lowest of these upper horizons will probably
answer, and do now in some c_es answer, the requirements for water-
supply beneath the beaches where the amount needed is not large,
while inland all o/the five may possibly be utilized for a moderate.
supply. In fact, inland there are reasonswhy some of these horizons-
may beexpected to yield u greater, and perhaps a considerably greater_
amount of water.

The following shows in order the stratlgraphlnal position of eacl_
of the minor and the principal water horizons :

MINOR WATZR HOalZO_S.

No. L,In sands about 75 ?eet above the great diatom bed..............
2. In sands immediately beneath tbe top of the great diatom

t_d ............... , ......... , ........ , ........ , ........ , ................. ,

3, In sands near the middle of the great diatom bed............... In
4, In sands near the base of the great diatom bed ................. Miocene
5, In sands immediately below the great diatom bed............... Strata.

GREATER OR PRINCIPAL _VATER HORIZONS.

No. 6. In a 60-foot sand bed about 100 feet beneath the great diatom
bed....................................................................... J

7, In an 80-foot sand bed beneath the Middle Marl ............... ] In
8, In a sand beneath the Lower Marl .................................. l_. Cretaceous

9. In a heavy gravel at or beneath the base of the Plastic / Strata.
Clays..................................................................... j

_Many dug wells in eastern _Ionmouth county also get excellent water in Otis
sand bed.
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For more information respecting the first five horizons, the especi-
ally-interested reader is referred to the report for 1892, pages 298 to
80|.

We now present, in the order 'abovenamed, details respecting the
wells belonging to each of the three groups under the following
headings :

Artesian wells in Miocene strata.
Artesian wells in Cretaceous strata.

Supplement to report on artesian wells.
Under the latter tide, hesldes the walls belonging to the third

group, there are also included reports upon a few wells in and near
New York City and Brooklyn and at one locality in Connecticut.
These are published, because being contiguous to the Stere of New
Jersey, they have in consequence a bearing upon its geology, both
economic and otherwise.

A few of the wells herein noticed were sunk previous to the year
covered by this reporh but the records are introduced either because
such records have not previously been printed, or, if so_ there are
recently, a_certained facts to publish.

ARTEBIAN WELLS IN MIOCENE STRATA.

Numerous wellsin Miocenestratahave beenpublishedin past

annualreports.We have,however,tonoticeinthisreportbutfour
wellsin bedsof that:age--thesearelocatedat Cape May Point,
Wildwood and AtlanticCity,N. J.,and at Crisfleld,Md. An
accountofthewellatthelast-namedlocalityisintroducedbecauseits
recordisessentialto therevelationof geologicalstructurein New
Jersey.The wellatCape May Pointwasnoticedsome yearsagoin
thesereports,andisnow againreferredtobecauseof somenew facts.
The wellat Wildwoodpresentsthemost importantsectionthathas
beenrevealedby boringsincethecompletionofthedeepestof the
wellsputdown atAtlanticCity(1,398feet),and reportedintheyear
1889.Forthisreason_thiswellatWildwoodisnoticedatconsiderable
lengthand withmuch minutenessofdetail,and isillustratedwitha'
carefully-preparedandaccurateverticalsectionand a plateofcertain
microsc3piefossilsfoundin theborings.Thereisalsointroduceda
skeletonverticalsection,showingtherelationand correspondenceof

thebedsherepassedthrough_withthosepenetratedatAtlanticCity.
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For comparison, there is also in,erred a similar section of the well at

Crisfield, Md., showing, likewise, considerabh correspondence. In
fact, the borings at Crisfisld (1,140 feet), at Wildwood (1,244 feet)
and at Atlantic City (1,398 feet), present important and typical sec-
tions of the Miocene strata of the Atlantic coastal plain.

The well herein reported at Atlantic City is the tenth suceeesfu_
artesian well that has been sunk at that resort.*

ARTESIAN WELL AT CAPE MAY POINT.

An unsuccessful boring to the depth of 456 feet was made at Cape
May Point, and recordett by Prof. G. H. Cook in the annual report_
for 1885, page 140. It is now again noticed because of geologiea_
facts that have been recently learned respecting it. This well was
visited by the writer a year or two after it was pat down and before
the drillings therefrom had been cleared away. On turning over the
dump a considerablenumber of fossil shells were obtained.

The well was sunk by the use of the drill and sand pump--a
method which furnishes specimens of the strata unmixed and more
nearly in their natural condition than either of the hydraulic
processes very often employed.

Specimens from this well were placed at the time in the collections
of the Survey, and are now preserved in the State museum.

The specimens, both those in the museum and those obtained on
the spot by the writer, have recently been examined, both macro-
scopically and microscopically, with the following result :

Specimens
as marked Character. Notes.

Near the surface...Sand and sandy clay ............. Fossil diatoms and sponge spiculca
No. I. Oray sand ............................................ Ccecum and sponge spicules.

2. Yellowish sand ..................................... Sponge spicules and a few diatoms.
3. Gray sand .......................................... Ccecum.

320 to 360 feet, a Gray sand .............................. A few diatoms.

" b " " ............................... Shells, St. 5Iary's fauna.

" " ¢ " (Seenotesbelow.)

" d " clay.
" _ " sand.

f " clay.

*As this goes to prinb the bering of the eleventh well at this locality had just been
completed, the depth being 809 feet.
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The depths, as may be observed, were not marked on the speci-
mens above 320 feet. Prof. Cook states that "the first 270 feet were

in beach sand, when thin beds of clay began to be found in the
sand," and that "from 320 to 360 feet many broken shells were met
with." No specimens of the borings below 360 feet are found in
the museum, though a depth of 456 feet was reached, as before
stated. The shells obtained by the writer undoubtedly came from the
horizon of 320 to 360 feet. They are as follows :

Crepidula .,p. ? fra_ment,_. Turritella plebeia Say.

Cardium sp. ? fragment_. Turrltella variabills Conrad.
Venus mercenaria Linn. *Pleurotoma limulata Conrad.

Mactra modicella Conrad, young. * Terebra inoraata Whitfield.

Arca pp. ? * Terebra simplex Conrad.

Peeteu _p.? *Ptychos_lpinx, probably Multimgata
Lucina crenulata Conrad. Conrad.

Melanop6is Marylandica Conrad. *Corbula, probably nasuta Say.

_*assa (Tritia) trivittata Say. *C_ecum glabrum Mont.

Solen fragment. Trochita sp. ?

Eulima sp. ? Barnacles _ Balanm.

The specimens marked with an asterisk (*) were identified by Dr.
W. H. Dall, who states that "the horizon of nearly all these species
is that of St. Mary's county, Maryland, of the Chesapeake Miocene."

In the identification of the remaining forms the assistance of Prof.
Angelo Heilprin was had.

By far the mcet numerous of all the molluscs was the Melanopsls
of a species which is especially characteristicof the St. Mary's bed.
This same specific form of Melanopsls has been again discovered the
present year at a little greater depth in a well put down at Wildwood
on Five-Mile Beach. See page 173.

A workman was recently seen who assisted in boring the first 270
feet of this well, and who says that, at that depth, they were in a white,
marly clay, with green lumps in it; that mud was found at the
depth of twelve feet, salt water at thirty-five feet and wood at 125
feet. The depth of 270 feet probably marks the top of the Miocene.

From the sands and clays around the mouth of the well there
were extracteda considerable number of diatoms.
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ARTESIAN WELL AT WILDWOOD, N. J.

Its Geology and Paleontology.

Coarse gravel at ........................................ 215 feet and at 309 feet.

Four diatomaceous clay beds.
Three Miocene fossil molluscan horizons.

Ear bones of fishes (Otoliths).

Diatoms, sponge spicules, foraminifera, cnccoliths and coral.

Eocene (?) Greensand Bed ................................. 1j104 to 1,245 feet.
Ten thin bands of rock strata.

Elevation of surface ...................................................... 8 "

Fresh water flowing 7 feet above the surface at .................. 887 "

Salt water flowing above the surface at ............................. 1,085 "

Total depth attained by boring ..................................... 1,244 "

In the annual report for last year (1893), pages 399 to 401,
appeared a notice of a well at Wildwood, on Holly Beach, about
seven miles north of Cape May. That well reached a depth of 215
feet, but as water of satisfactory quality was not found another well
was drilled the present year, the work being contracted for by Uriah
White, whose superintendent in charge of the work, and by his
instructions, courteously furnished a full series of specimens of the
various sands, gravels, clays and marls penetrated, together with
complete notes respecting the same. The boring reached a total
depth of 1,244 feet.

A. strong overflow of water occurred at the depth of 1_185 feet,
which, however, was quite salty; for this reason the well was finally
finished with a depth of but 931 feet, drawing a supply of fresh water
from a sand bed about forty feet in thickness next below the depth of
887 feet. The water flows over the surfaee_and will rise above it seven
feet. The elevation of the ground is about eight feet above tide.

The well was cased with an 8-inch iron pipe to ninety-eight feet,
and then with a 6-inch pipe to 519 feet. A 4½-inch pipe was then
introduced and continued to 793 feet, after which a 3-inch pipe was
sunk to the depth of 1,004 feet. The boring was prospected beyond
this without being cased.

We here insert a columnar section drawn to scale. On the left is
a detailed recordand description of strata, in which the minutest beds
are shown. On the right these strata are grouped into larger
divisions, having certain broad characteristics, the fossiliferous and
other geological features of which are noted.

The salient facts learned from a careful study of the preceding
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section_and an examination of the borings both with the microscope
and with the unaided eye, are the occurrence of two rather coarse
gravel horizons just at or below the depths of 215 and 309 feet, four
beds of diatomaceous clays, three noticeable horizons eontaining
Miocene fossils, mainly molluscan, and a bed of green sand, prob-
ably Eocene in age, beginning at the depth of 1,104 feet, and con-
tinuing to the base of the boring. °

Both the diatoms and the molluscs throw light upon the ages of
the strata penetrated. The diatomaceousbeds will be first considered,
after which the facts respecting the gravel horizons, the molluscan
strata and the greeusand bed will be noted, including also lists of
fossils, both microscopic and otherwise.

DIATOMACEOUSCLAy BEDS.

The first or uppermost diatomaceous bed is seventeen feet thick,
and occurs between the depths of twenty-nine and forty-six feet.
The diatoms in this bed are exclusively marine.

The second diatomaceous bed is about 100 feet thick, and is found

between the depths of 78 and 181 feet. The peculiarity of this bed
is that both marine and fresh-water diatoms are intermingled therein,
the freeh-waterforms presenting an unusually large number of species

and preponderating in individual numbers over the marine.
The third bed is over 400 feet thick, and occupies the interval

between the depths of 370 and 793 feet. The diatoms are exclusively
marine.

The fourth diatom bed is probably not over twenty feet thick,
and occurs between the depths of 1,040 and 1,060 feet.

These four beds will now be separately treated, and the features

peculiar to each pointed out in detail, commencing with the upper-
most.

Diatom bed No./.--The uppermost bed extends from the depth of

twenty-nine feet to that of forty-six feet, and represents geologically
a very recent marine mud or clay. This bed seems, so far as our
present knowledge indicates, to underlie that portion of the ocean
border of the State that has a low altitude, one which does not exceed
about forty-five feet above tide. It is found at tide-level, or a few
feet below at Absecon, Belmar and Long Branch. Inland it gradu-
ally rises above sea-level, and is so found at Mays Landing, Bridgeton
and Bnckshutem, below Millville.
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The occurrence of another species, Polymyxua coronalls, in this
bed, is also unique, since it has heretofore only been known from the
mouths of the Para and the Amazon, where it now lives directly
under the equator, subject to much warmer climatal conditions than
at present prevail in New Jersey.

C. 8. Boyer says it is certain that this diatom does not now exist

along the coast of the United States, and suggests the possibility of
the prevalence of a different climate in this latitude at the time this
bed was put down.

Both to the geologist and the diatomist this is a remarkably interest-
ing and unique bed.

Three eleanings of the diatoms in this bed, from the matrix con-

taining them, have been separately made for the writer by C. L.
Peticolas, C. S. Boyer and John A. 8chulze. All of these cleanings
nhowed the two unique forms mentioned.

C. L. Petieolas has also established as a new species another
diatom closely allied to 8urirella 9emrna under the title of "Suri-
rella Wonlmaniana."

C. S. Boysr has published in the Bulletin of the Torrey Botanical

Club the following 152 species from this bed, and says that eighty of
these are exclusively fresh-water forms, and forty-seven exclusively
marine, while twenty-fi.ve inhabit either fresh and brackish, or brack-
ish and marine waters.

It may be remarked, however, that the preponderance in individual
numbers of the fresh-water diatoms over the marine is greater than
the above figures would indicate.

MARINE AND FRESH-WATER DIATOMS FROM A UNIQUE BED

BETWEEN THE DEPTHS OF 78 AND 181 FEET_ AT WILD-

WOOD_ N. J. AS IDENTIFIED BY CHARLF_ S. BOYER_ A.M.

.Aahnanthes J=/udson/_ (}run. Amphora otvdis (Br_b.) Kutz. var. graciliJ
A. inflaLa (Kfitz.) Grun. (Ehr.) V. H.

A. su_sessilis Ehr. Aulaeodi_eus Argus Ehr.
Actinoeydus Ehrenbergii Ralfs. Auliseus pruino_.um Bail.
A. subtilis Greg. _Biddulphia Rhombus Win. Sin.

Aetinoptychus hdlopelta Grun. forma Brebissonia Boeekii (Kfitz.) Grun.
minor. Only one specimen has been Campylodls_s ezhenels Ehr.

noticed, Cerataulus Ioevis Roper.

A. undulatus Ehr. Coeeonei_ plaeentu!a Ehr.

.4. v,dgar/_ Sehum. Ooseinodlscus Argus Ehr.

NEW JERSEY GEOLOGICAL SURVEY



164 ANNUAL REPORT OF

C. i_e_nl, ietc. Ehr. C. ,]/tt_etdu8 conaricta (Br6b.) V. H.

C fa_dc,lat_,s A. Scbm. C Sore* (Kiitz.) Kunze,

C. m_rffia, te _ Ehr. C. Zebra (Ehr) Kunzo.
C. rnb_o,-Ehr. Eunotia Arc_ Ehr.

C mlidMv-_ _;re_: E. diodon Ehr.
C Oeuha_-IrMis Ehr. E. finpre_a Ehr.

G. radiatus Ehr. E meier (W. Sm.) Rab.
C subtilis Ehr. E. tmrallda Elm

C_jclot,fla h"tz;ngiana Thw. E. p_tinalls (DIIIw. ?) Bab.

C,jmbdla file, is Kutz. E. prc_rupta Ehr.
C. ei_tda (Hempr) Kirebn. E. robu*ta Rails.

C c_pidata Kutz. E. tttraodon Ebr.

C. ¢ymblfo_mls Ehr. E. tHodon Ehr.

C E_,+_z_b_rgilKfitz. Gompbon_na acumlnatum coronatum E_r;

C. 9adroi&:s Kutz. G. Augur Ehr.
C. lmw_olata (Ehr.) Kirchn. G. ¢apitatum Ralfs.

C t,mida (Brfib.) V. II. G. geminatum (Lyvgb,) Ag.
Eneyoaeraa ren rieo_um Kutz. G. gracile Ehr.

_ttopleura (Epitheuda) Argus (Ehr.) G. laneeolatura Kfitz.
Km)ze. An abnormal form with flex- O, olivaum'n (Lyngb,) Kiilz,

nose outline has been noticed. G. lurgldttm Ehr.

C. g&ba (Ehr,) Kunze. O. Vlbrio Ehr.

C gibberv;a (Ebr. ?) Kunze. ttyalodi_us eMliger Bail.

C. Mms*uluS (Kutz.) Kunze. H.. _ubtili8 Bail.
HYDROSERA (TF.RPSlN_?) NOV_I_-C_=_ARE_ Boyer, n. sp.* (See Plate V].)'

Mdosira granulata (Ehr,) Ralfs, _V.Libel linearls (Grnn.) V. H,
2Vot,i_u_aacrospbtrria Rab. _V. llmosa Kfitz.
N. af]iais Ehr. N. Lyra Ehr."
_V.Americana Ebr, _V, major Kfitz,

_". bleapitata Lagerst. N. raesolepta Ehr.

N. Bomb,s (Ehr.) Kutz. .N. mesolepta nodota Ehr.
,V..Brebi_,_nii Kiilz. ,V mesostfla Ebr.
,%:colu.maris Ehr. ,V. nobili* (Ehr.) Kfitz.

iV. ('_abro (Ehr.) Ktitz. N paebyptera Kiltz.

.\', Dartt+tua Elm N. permagna (Bail.) Edw.

.V. Dttrlana A. Sehm. zV. peregrina (Ehr. ?) Kfitz.

.\: dem_rren,_Kate. N. placentMa IEhr.) Kfitz.

N. dL¢o_ ;W, Sm,_ Ra]£,_ _\r polyonca _r6b,

N. , fliptlva Kutz. _\_ pvMlla W. Sin.
.\\ F_'scberi A. Schm. _V. rhomboidc_ Elm

,V. t;_r_,,_-aI;reg, N. sph,,rophora Kutz.
,V. 9ibba Ehr. :V. ,._mlthii Br_b.
._,: Hitcheoekii Ehr. =\r slattroptera part_ Gram.
:\; ],:Imero_n B_b, N. labellaria Kfitz.

A: lridis trmphirt_yncus Ehr. AT.termitina Ehr.

N tfam,_rthenMs Grun. A r. trinodis inflata Sehultze.
A; latissiraa Greg, N, dridis (Nilzseh) Kiitz.

,Y L* ,,,,/ann Grey. ATtzsehia 6hmpeaeblana Grun.

_Balh.tm of the T_rrey Botanical Club, Vol. XXII.. page 265.
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-h_ cirumsuta (Bail.) Grun. R. -Rhombus Ehr.

-h_. granulata Grun. Stauronels acula W. SIn.

-hr. sallnarura Grun. S. graeilis Ehr.

.AT.sea/ntis (Ehr.?) W. Sin. S. Phomic_nteroa Ehr.
._: Sigma (Kiitz), W. Sin. Surirella anita Kfitz.

-h: tryblioadla ra_x;raa Grun. S. biseriata (Ehr,) Br_b.

Odontldium mu_abil_ ge_minum Grun. 8. eru_iata A. Schra.

Plag_ograrama tes_,latum Grey., rare. S. ¢rumeaa Br_b.

Plcurosi_taa eximium (Thw.) Grun. and CI. S. degans Ehr.

P. Sdota_ Sulliv. S. Febigerii Lewis.

P. Sp¢acerll (Quek,) W. Sm. S. oblongs Ehr.

Polyrnyxus coronalis L. %V.Bail. S. oralls Br_b.

p_eudaulf_cusradioAus Bail. S. orol_ Ot'ata (Kulz.) V. H.

peeud_unaia flezuosa (Br6b.) Grun. S, sple_dida Ehr,

J_haphoae/_ amphieeros Ehr. S. _triat. a Turp,

-_. Bdg/ga Grun. S. tener, _,reo.c,

T_. gcmmlfera Ehr.

SURIRELLA _VOOLMANIANAPe_xcolas_ n. 8p.*

Syaedra delieatissima W. Sin. T. lacustris Ral f_.
S. invealiens W. Sin. Trieeratium alternates Bail.

Terpsin_a Am_rlcana (BaiL) Rails. T. favus Ehr.

Tetraaydus emarginatgs (Ehr.) W. Sin. T. sculpture Shadb.

In addition to the forms above listed, Dr. D. B. Ward calls atten-

tion iu a letter recently received to auother seen by him in this bed,

viz., iVavic_ala Delawarensis Grunow, which he says "is a recently-

discovered form stated by Cleve to be now living in the mouth of the

Delaware river and along the Connecticut shore." Dr. Ward also

says it occurs sparingly at tbe latter locality, b,t "abundantly in a
semi-fossil state in some brackish.water peat along the Hudson river

in the vicinity of Poughkeepsie, N. Y."
.Diatom bed .No. 3.--The third bed above enumerated as containing

diatoms, is one of the most remarkable and also most extensive

diatomaceous beds in the world. It has been traced by means of out-

crops from Asbury Park, N. J., to the Virginia-North Carolina
border, south of Petersburg, underlying the entire coastal plain east

of the line of outcrops. This is further proven by its occurrence in

well-borings at the following localities, viz. :

]. ALONG THE COAST,

At Asbury Park, N. J., betweet_ the deptbsyf 16 feet and 94 feet.

" Barnegat, " at " " 120 feet,
" Beach llaven, " between " " 290 feet and 543 feet.

" Atlantic City, " " " 380 " 670 "

" Ocean City, " " " 370 680 "

*Bulletin of the Torrey Botaulcal Club, Vol. XXIL, page 265.
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2. I_LAND.

At Wildwood, N. J., between the depths of 370 feet and 793 feet.

Plea._ant Mills, N. J., at the depth of 45 feet.
Weymouth, " " " 40 "

May'_ Landing, " between " " 54 and 176 feet.
Port Norris, at the " 200 feet.

Clayton, Deh, between " " 100 feet and 150 feet.

('ambridge, Md., " " 192 " " 335 "

('ri_field, " " " 365 " " 771 "

The outcrops either of this bed, or of the fourth bed, as known at_
Wildwood, occur near Asbory Park and near Shiloh, N. J., at Brent-
ford, Del., and at Claiborne, Md. ; also along the shores of the Chesa-
peake from Fair Haven southward; along the Pathxent from the
vicinity of Lyons creek and Nottingham, southward ; along the Poto-
mac upon the north side at Pope's creek, and upon the south side in
Nomini Cliffs. It is also found outcropping along all the eastward-
flowing streams in Virginia as far southward as the Meher,'in river,
where that stream crosses from the last-named State into North

Carolina, nearly south of Richmond and Petersburg. The bed prob-
ably extends farther southward. Its length, so far as now known,
is about 300 miles, while its maximum thickness, as shown by the
above table, is fully 400 feet.

At Wildwood, as noticed above, it occupies the interval between
the depths of 370 and 793 feet. Specimens of the borings were taken
every twenty feet or thereabouts, and carefully examined under the
microscope. Marine diatoms were revealed in almost every instance,
sometimes only sparingly and again very abundantly. The diatoms
were absent where the strata were sands or gravels--they were less
numerous in sandy clays and more numerous in fine and nearly pure
clays. The decided molluscan horizons were generally in the coarser
deposits. The following are the author's notes made at the time of
of the examination :

Spet:_m_I2s.

370 feet to 389 feet. Bluish clay, a few marine diatoms, plenty of commlnuted shell.
399 " 409

409 428 _and and gravel, plenty of molluscan fossils.

42u 448 clay, diatoms.

44S _,6_ " and sponge spicules.
46_ ,IS7 " "

487 509 " " "

50'._ 528 very rich.
528 535
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Specimens,
535 feet to 554 feet. Bluish clay_ a few sponge spieules_ no diatoms seen.
554 566 " " " " " "

566 586 " " sponge spicules and a few pyritized diatoms.
586 607 " " diatoms, a few.
607 627 "

i 627 617 very sandy, a few sponge spicules.

655 675 Brownish clay, diatoms and sponge spicules.
675 694 " "

094 713 Lighter-colored clay, diatoms and sponge spicules.

713 720 Brownish clay, sand and molluscan fossilsj no diatoms.

720 782 Dark-brown clay, a few diatoms_ clay very sandy.
732 744 " " " eomminuted shells pleat)..

744 764 Bluish clay, diatoms_ shells plenty at 750 feet.
764 784
784 " 793 " " "

Separate cleanings of the diatoms from this division were made for
the writer by C. L. Petieolas from "specimens covering each of the

following intervals: 370 to 448 feet, 528 to 535 feet, 732 to 744
feet, and 744 to 793 feet. Time and clreumstanees have not per-
mitted the listing of the species found in these eleanings, but nearly
if not quite all the characteristic and other associated form_ that have
been found in the same bed at Atlantic City have been seen here.

The specific forms obtained at Atlantic City have been identified
by C. Henry Kaio and E. A. Schultze. The list, which includes a
number of new species, was first published by them in the Bulletin of
the Torrey Botanical Club,* the new species being also figured therein.
This list, slightly revised, was afterward printed as part of another
paper by the present writer in the proceedings of the Academy of
Natural Sciences of Philadelphia.t This list is introduced below as
rendering this paper more complete :

The forms from the richest portions at Atlantic City at the depths
of 400, 5'25 and 625 feet, were most carefully observed under the
microscope and identified.

There are determined 149 species, which are distributed among 49
genera. There will probably, however, be a few forms yet to add.
Forms marked rare are of rare occurrence in the well and not

necessarily so elsewhere.

"_Vol. XVI._ pp. 71 to 76, and pp. 207 to 210; Plate_ LXXXIX., XCtI., and
XCIII.

t Proceedings 1890, pages 136 to 140.
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DIATOMS FI_)M THE GREAT 400-FOOT MARINE MIOCENE DIATOMA-

CEOUS BED OF THE ATLANTIC COASTAL PLAIN t AS IDENTIFIED

BY C HENRY K&I_ IN BORINGS FROM ATLANTIC CITY; N. J,

.l,'ri_._jd._ F.h..abe_gii Rails. Cocconema laaceolalum Ehr. Rare.

_4_Am,Jcyel*_ _&bh., /(]rev.) Ralfs. Coscinodiscus Ary_ Ehr.
Mrtlnorydu_ int,rp_tnete, tu_ Bright. Rare. Cbscinodiscus Asteramllhalu_ EIlr.
Acthtocycl,,._ R,dJ_ii W. Sin. Coseinodiseus coneavus Ehr.
.'|etillodi_cu_ AIInatie*t, n. sp _ Kain & Coseinodisc_ts eecentrieus Ehr.

_hultze. Coscinodisc_ dongalus Grun.

Aetinoptychus ar.datus Ehr. Coseinodiseus excaralus Grey. Several

Actlm±ptydtta_ Grun,tb_rl A.S. varieties.

A cti . ,,ptyeh tt_ _ph'ad*',__(Ehr.) Grun. Cosci_wdiseu8 gigas Ehr.

Acti.optychr_s u:Mulataa Ehr., var. Jlali- Coscinodiseus isoporus Ehr.
on_.- Grun. Several varieties. C_scinodiseu8 Lcwlsianus Grey. Rare.

ActlnvpIyrb.._ r,dyqris Schuman, var. Ooseinodiscus lineatus Ehr.

I'ir_finiea (_run. Several varietie_ C.oscinodi_cus A'ottinghamensis Grun.
Amphitctra._ .dnuta Grey. Rare. Bare.
Amtulus birostratt_ Gr_m. Very rare. C-osdnodiscus Oculus Iridis Ehr.

A_t.rubrmpra .][aryfandi_ _ Ehr. C._scinodiscu_ perforatu8 Ehr.
Aufacodisc_*_ ('ruJ" Ehr. Two varieties. Co_cinoqiscusradiatu* Ehr.

Aulaeo tiscu_ p,:terdt Ehr. C_seinodiscus rhombieus Castracane.

A _d,lr_disc_s £bllitti_n,t_ Norman. Caseinodiscus robtta_s Grey.

Atd;.._:,_ C lbalh A.S. Ooscinodiscus _enarius A. S.

A_,li._c_z o,:at*_ Bailey. Co_cinodiscu_ sy_nmetricus Grey.

Auli._r_s pt.b_ozus Bailey. Cestodisetts oralis Gre_.

.t .d_se_ (Ghjphoai_eu._?) gpinosu_ Chris- G_stodis¢_ rhombicu_ Grey.

tlau. Oheeloeero_ (dldymus? Rhr.)

RiddMphia aurlta (Lyngb.) Breb. C,'aspedodiseus eoseiaodiscus Ehr.
]¢,idd,dpMa algernaaa Christian. Craspedodiscus coscinodiseu_, var. A'an-

Jl;d,!,,_phia B, dl,yi W. Sai koorensis, Grun.

Jbddalphia I1,'itt,miano, n. sp., Kaln & Cyclotdla opercMata Kiitz.

Schultze. C_matopleura solea W. Snl.

]lid,ltttp_t_ (bokier, o, n. sp._ Kain & Dicl,Mia eapreolus Ehr.
Schultze. Discoplea phy_oldea Ehr.

R;,]ttdphia lV,_l,no:tii, n. sp., Kaln & Dimereyramma .3"ova _t_are% n. sp.,
Schultze. Kain & Schultze.

Ri, l l_lti_.tffqd,e;p[, q_t;rurl. Rare. Dimeregramma .Nora C¢_area var. obtusa,
J_l,],l_llh,_iO t!*fftl:_¢,t,'t tlrev, n var., Kain & Schnhze.

J_itllllt_l,]*i'_l I)rttc,t_,ql,| (;ray. Rare. Dim,_regrammafuleum (Greg) Rails.

l_;,bl,lp]No ,-homhu_ i Ehr.} W. Sm. J_'pithemia Gibba (Ehr.) Kluz. Rare.

JL/,I,_!:A ;, _.¢. ,,l..,, t _r,_t_. Ethnwdiseus ? sp. ? Ca_tracane.

Jg.i,I,;:Ai T, ,m,:_; B:tliey. Eue:tmpla Virginiea Grun. Rare.

J_,d,hdphi_ t,,rvl,tt, I Bhr.) W. Sin. Eltnotia monodon Ehr. Two varieties.

lli,: l.!piJa :,,,,2;>l, a., Grun Eunotia robusta (Ehr.) Ralfs. Several

J_,.h/,,.'t,l, in 1I',_-.¢,.,. ; Grun. varieties.

t_,-,,t,,,;_ _t;,!:f,.,.7.,.. var.), n. sp., Eunotia Am*ricana, n. sp., Kain &
Kain & Schultzc. Schultze.
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Eupod_us Argus Ehr. Rhaphoneis amphieeros Ehr.
Eupodiseus radiatu_ Bailey. 3?haphoneis Belglea Grun.

Eupodiseus Rogcrsii Ehr. Varieties l_haphoneis flumlnen_is Gruu.

with 3, 4 and 5 processes. Rh_phoneis sealaris Ehr.

Eupodiseus sp. ? RMzosoknia A mericana Ehr.
Gmilotheeium obtusum Ehr. l_Mzosolenia stfliformis Bright.

Goniotheeium odo_tdla Ehr. Sceptroneis caduceus Ehr.

Goniotheeium llogersii Ehr. Sceptronei_ gemmata Grun.

Grammatophora serpentina Ehr. var. Stephanogonia Aetb_optgdlus Ehr.
Rare. Stephanogonia polygona Ehr.

lfemlaulus a_nis Grun. Stephanol)yxls opieulata Ehr.
t[oniaulu_ bipons (Ehr.) Grun. Stephanopyzisferoz (Grey.) Rails.

.Hemiaulus polgeistinorum Ehr. Slephaaopgzis Corona (Ehr.) Grua.
Huttonla 3?eichardtii Gran. var. Stq)hanopyzi8 Grunowii Grove & Sturt.

IIgalodiseus 16eviaRhr. Stephanopyzis limbata Ehr. Rare.

HgalMiseus Stelliger Bailey. (Podosira Stsphanopy:cls Tuttis (Grey.) Rail's.

maculata W. Sin.) $lietadiseus Buryanus Grey.
Liradi_eus minutus Grey. Stielodiseas Kittonianlts Grey.

a_Iastogonia Actinolyehus Ehr. Surirella Febigerii Lewis.

Mdoslra zuleata (Ehr.) Kfitz. Tabulina tesludo J. Brun.

_tVarieula erabro Rhr. Terpsin_ interraedia Grun. var.

.Narieula didgma Ehr. Triceratiurn Americanuln Ralfs.
-Narieula De Wiltia_m Kain & Sehultze. Trieeratium c_deeorum Bright.

_avieula elliptit_ Kfitz. _icerotium Ehrenbergii Grun.
.hrarieu2a enlomon Ehr. Triceratium Ehrenbergii (Diseoplea uadu-

JVav/eu/a foreipata Grey. lata Ehr.)

.NavieMa 9raeill's (Ehr.) Kutz. Triccratium Fisherii A. S.

Navieula Henl_fyi W. Sow. _'ieeratium Heilprinianum, n. sp., Kain
-Navleula Le_wisiana Grey. & Sehultze.

-h'avieula Lyra Ehr Trlceratium Kainii, n. sp._ Sehultse.

.Navicula maeilenta Ehr, Rare. Trieeratium indentatum, n. sp, Kain &

_'avieula (pinnularia) major Kilts. Rare. Scllultze.

_'arieulapemnagna Rail. Trieeratium I(ainii Sehultze, vat. ¢on-

_'av&ula practexla Ehr. stricture Kain & Schultze, n. var.
-Navieula Smithii Breb. _13"ieerati_m Marglandieum Bright.

-55tvieula viridis Ktitz. Rare. Trieeratium obtusum Ehr.

Plaglogramma Gregorianum Grey. _l_'ieeratium robustum Grey.

.Pleurosigma Virginiaeurn Peticolas. Trieeratlula semieireularc Bright. _ (Euo-

Pleurosigma sp. ? Fragments of a very dia Brighlwellii Rails.)

large form allied to/_. angulatum. Teieeratium spinosum Bailey.
-P_ue,d-auliscus radiatuz Bailey. _'ietratium Solenoee_os Ehr. Rare.
,Pttxidicula crueiata Ehr, q_'ieeratium te,_sdlaatm Grey.
Rhabdonema Atlantieum_ n. sp., Kain & Trieeratium undulatum Ehr.

Sehultze. T,'ybliondla lIantzsehiana Grtm.

.Raphidodlselts Febigerli T. Christian. T_Tbliouella seutellum W. Sin.

.Rhaphm_eis gemmlfera Ehr.

Diatom bed No. $.--The fourth and lowest diatom bed penetrated

in this well is estimated to be probably about twenty feet in thickness.
It occurs between the depths of 1_040 and 1_060 feet.

NEW JERSEY GEOLOGICAL SURVEY



170 ANNUAL REPORT OF

Most of the species above enumerated as having been found in the
third bed occur also in this, with at least one additional form,
Actinoptyehus .Heliopelta Grunow.

This is a notable and geologically characteristic form, and will be
again referred to.

GF_NI_.RAL REMARKS UPON THE DIATOMS FROM THE

_IOCENE BEDS.

The species found in the third and the fourth diatom beds are almost

exclusively marine, there being seen only occasionally a fresh-water
form such as may have been carried to the deposit by currents from
the neighboring fresh-water streams of that time. Both these beds
contain a number of diatoms that are not found in either the first or

the second beds, and, vice versa, they do not contain certain other
diatoms which do occur in the two upper beds. Such forms in either
case may be considered as characteristic of the bed in whiel_ they
occur, and when seen in deposits from any other locality, at least
along the Atlantic coast of the United States, they may be used in the
identification and correlation of such deposits.

One of the distinguishing forms of the third bed is Coscinodlscu_
ezcavatu_ (seePlate VI.)--a fine, large, circular discoid diatom having
in the center three and sometimes more elevations or excavations called

proceeses that look somewhat like the reticulated eyes of inescts. Ithas
likewise been found in this bed elsewhere in borings from Beach Haven,
Atlantic City, Mays Lauding and Ocean City, N. J., and also in
borings from Cambridge and Crisfield, Md., and from Fortress
Monroe, Va.

Actinw2tychus Heliopelta (see Plate VI.), the diatom already men-
tioned as having been found in this boring only from the fourth or
lowest diatom bed, is like the Cosclnodizcus just noted, also a beautiful
large discoid form. It has a perfect star in the center, the points of
the star varying somewhat in number in different specimens.
Specifically it is appropriately named Heliopelta, which means
sun shield.* Simply as Heliopelta it has long been endearingly

"Originally this diatom was generically named Hdiopdta, by Ehrenberg, who

gave to each specimen, showing a variation in the number of rays, a dillhrent

_pecific name. As this form, however, clearly belongs to the previously-established

genus, .lctinopI_d_u._, and as Ehrenberg's species are generally regarded ovly as

varieties, Grunow ha_ constituted Ehrenberg's generic name its specific name, and

has likewi*e relegated his specie_ to the grade of varieties only.
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known to diatomists, wha will probably continue to thus familiarly"
refer to it rather than by the more full and acenrately-eorrect tech-
nical nomenclature given above.

This diatom is especially characteristic of the base, and the base-
only, of the Miocene diatomaceousclay deposits of the Atlantic coastal
plain. Wherever it has so far been found, it always has this strati-
graphical position. It so occurs in this well at the depth of 1,040 to.
1,060 feet, and in borings at Asbury Park at the depth of forty to
ninety feet; at Clayton, Del., at the depth of 100 to 150 feet, and at
Crisfield, Md., at the depth of 780 feet.

In the same stratigraphical position it occurs in outcrops near
Ashury Park, and near Shiloh, N. J.; also at Clalborue, eastern.
shore, Md. ; at Nottingham and vicinity, western shore, Md., and at
Petersburg and Bermuda Hundred, Va.

In the Nottingham region, within, hut at the very base of the
Htliopelta stratum, the writer has seen such characteristic Miocene

Molluscan fossils as .Eephora quadrioostata and _PeetenHumphreysii_
while not more than six inches lower could be seen some twenty feet
or thereabouts of a greensand bed that has been referred to the

Eocene by the United States geologists, which bed, if properly cor-
related, outcrops three miles northwest, at Marlboro, where the writer
has collected such characteristic Eocene fossils as Ostrea compressirostra
and TurrlteUa Mortonl.

It has already been stated that this diatom occurs at the depth of
780 feet at Crisfield, Md. According to N. H. Barton, this depth
marks the division between the base of this bed and the top of a bed
seventy-five feet* thick, consisting of a dark olive-grsen argillaceous
and glauconitic sand which he refers to the Pamunkey formation,
i. e. the Eocene.

In this Wildwood well, a short distance below the Hellopelta
horizon, namely, at the depth of 1,104 feet, we reach the top of a
140-foot bed of glauconitic grsensand marl, probably the equivalent.
of the glanennitic sand at Crisfield. This bed will be noticed in
detail farther on.

It is interesting thus to observe the occurrence of Heliopelta at the
three localities of Wildwood, Crisfield and Nottingham, and that at
each place it is either at or near the base of the Miocene and above
the Eocene.

*The author makes this portion of the section at Crisfield 129 fe_t thick. See
page 184. Also see Plate VII.
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The general assemblage of forms found in these Miocene diatom
beds is shown on a plate in the report for 189].. Fifty.six forms
are figured thereon, or about one-fourth the number that has been
observed in the entire bed at all its various localities.

We insert reproductions on Plate VI. of photographs made through
the microscope of Actinoptychus Hellopelta, Goseinodiscus excavatus
and Triceratium favua, and a similar reproduction of a drawing like-
wise made through the microscope of Hydrosera (Terpsin_.f) Bov(_
C_sartcs. The A. ltellopelta are twice enlarged from the original
negative. The numbers below each form indicate the linear enlarge-
ment, thus, 880 X means magnified 880 diameters.

We will now consider the two gravel strata, the three shell horizons
and the greensand bed, taking them in the order of their occurrence
_eromthe top downward.

GRAVELS AT THE DEPTHS OF 200 TO 215 FEET AND

309 TO 328 FEET.

Considerable gravel, whitlsh-gray in color, was reported 1893 from
the first well at the depth of 200 to 215 feet. In the second well
(1894) a considerable quantity of gravel, also quite coarse, was
obtained from the depth of 309 to 328 feet. The color of the second
gravel is quite different from that of the first, and in comparison may
be described as of a dull grayish-yellow.

The size of the gravel as obtained by the boring process employed
was as large as peas, though possibly larger pebbles might have been
contained in the bed, but these would not have been brought up with-
out greater hydraulic pressure than was used. The average size of
the pebbles in the first bed is about double that of those iu the
second. The latter were obtained by a different process.

Considering the great similarity in the color and general appear-
anee of the gravel at 309 to 328 feet, with gravels elsewhere that are
believed to be Miocene, the writer would refer this bed thereto.

The upper bed, that at 200 to 215 feet, the writer considers bears
an equally striking resemblance in color and appearance to gravels of
later date, and that belong to some phase of the various Quaternary
gravels in the State which are now being elaborately treated by Prof.
R. D. Salisbury in these reports. Which phase, however, this
<leposit represents, we leave for future interpretation.
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PLATE VI,

DIATOMS_ ARTES[AI_ WELL_ WILDWOOD_ N. J.

M 380. _' _80.
TRICERATIUM FAVU$ Ehreuber_', IIYDIIOSERA (T_IIP'3II:_) NOV_

Diatom Beds Nos. land ?, C. Boyer.

New species. DltttomBed No. 2.

X 220.
COSCXNODISCUS _XCAV^TUS Grevllle.

DIRtom Bed No. 3.

M 20O. M 20O.
ACTINnI'TyCHUS iIELIOPELTA (_rllnO_*V. AC_rINOI_Ty_IIUS}IEI,IOPELTA GrlIDOW.

With fivc-I_Jlxlted star. With slx-pohtted star.
Dia_m Bed No. 4, l)l_iomBed NO, I.
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MOLLUSCAN HORIZONS.

Below the base of the second gravel, that is, below the depth of"
328 feet, and extending to that of 1,104 feet, are 775 feet of strata_
mostly of solid clay, dark in color, with a bluish-green tinge when
wet, as when brought out of the well, but which becomes gray when
dried.* Small frsgmente of shells began to make their appearanco in
this bed at the depth of 370 feet, from which point downward the
borings for this interval frequently showed, more or ]e_ spareelyj corn-
minuted ehell--a condition probably produced by the grinding of the
drill. There were,however, three marked shell beds where mollusca_

fossils were e_pccially numerous. These were at the depths of 409 to
428 feet, 705 to 732 feet and 887 feet. Theee three horizons will
now be separately considered.

Moll_sos $09 to 6e8feet,--By a careful examination of the corn-
minuted shell at 409 to 428 feet, undoubted fragments of a univalve
shell, Mdanopsls Marylandioa, were identified. Associated with this
form were a considerable number of other small shells, both uni-
valves and bivalves, but these had been ground by the drill into such
minute fragments that their identification ee to species is impossible.
The following genera may, however, be safely stated to be present :
Nassa (plentiful), Terebra, Turbonella, Asslminea and Yoldia.

A comparison of this fauna with that listed on page 158, from the
depth of 320 to 360 feet, nine miles southwest, at Cape May Point,
would indicate that the same bed is represented in both wells,
especially when we consider that the most numerous fossil at either
locality is the Melanopsls, a shell that does not occur in either of the
two lower horizons in this wel]_nor has the writer seen it in a very"
considerable collection of Miocene fossils that he has msde from

asverel wells northward along the New Jersey coast.
As was stated in the notice of the Cape May Point well, thi_

horizon is the same as that represented by outcrops at St. Mary'st
Md., where also this Melanopsls is a distinguishing fossil and which
locality is upon the upper part of the Chesapeake Miocene.

Molluscs at 705 to 732 feet and at 887 feet.--Judging from the_
specimens furnished, there are within the interval of 705 to 732 feet
twoshell beds between the respective depths of 705 to 713 feet and

¢_Included within these 775 feet of strata are the third and the fourth diatoms bed_

previously described.
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at 718 to 732 feet. These may be practically viewed as a single
horizon, the second from the surface. The third noticeable horizon
is at the depth of 887 feet, and is reported to be about one foot
_hiek. The shells were very numerous. From this depth to that of
960 feet a greater or less number of molluscs were brought to the
surface. It is thought, however, that those from the lowest depths
were really contributed from the bed at 887 feet, having dropped
down as the boring proceeded and before being followed by the cas-
ing. A study of the specific forms, however, indicates that whatever
may have been the actual depths from whence these specimens were
brought up, but one faunal horizon is practically represented.

With the assistance of Prof. Heilprin and C. W. Johnson, the
species occurring at 705 to 732 feet have been identified; while C. W.
Johnson and the writer together carefully identified those from the
depths of 887 feet (and lower?).

The following tabular arrangement exhibits the fossils occurring at
each horizon. It also shows at a glance those found only in the
upper bed, those found jointly in both the upper and the lower of
these beds, and likewise those found only in the lower bed. In
nomenclature we have mainly followed Prof. R. P. Whitfield in his

"Mollusca and Crustacea of the Miocene of New Jersey : "*

FOSSIL._ OBTAINED FROM THE UPPER HORIZOIq

-" 705 TO 732 FZ_r.

Azi_a (Pea.ncutus) CentiJbrm_ Conrad ......................................

Diode Sayana Conrad ....................................................

Peach sp ....................................................................

Mel_ Nl_olohens_ Whhfleld ............................................

Amyela (Columbella ) eommt_ni_ Conrad ................................
9

611d_d._ sp ..................................................................

Dentalium sp. ?..............................................................

Dr/Um 8ub_ez.o_a Whitfield .............................................

.Fo_cwlaru_ s _...............................................................
Turrltdla sea_ Conrad ..................................................

" plebeia Say .............................................

Troehita k_rarmata Conrad ..............................................

Bryozoa .......................................................................

* United States Geological Survey, Monograph XXIV.
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FOSSILSCO_t,_[O_TO BOTH_Oa[ZO.WS_-705 TO732 FEET
AI_D 887 FEET (AND LOUVER?)*

Astarte Thoraasii Coumd.................................................
" dista_ Conrad.

.Ar_ (Barbatla) _[aryland_a Conrad................................. X
•CorOtda subconlraeta Whitfield ......................
Dasinea sp.?.
L_ina Or_ulata Conrad..

Jfactra (sehizodesma) ddurnbis Conrad X
.Peewn Madisoniw Say ...................................

" Humphr_sii Conrad ............................................
Venus latilirata Conrad

.Bttsycon sealarispira Conrad ..............................
DriUia (Pleuratoma) pscudeburaea Heilprin ........................ X
Nat_ (._an.atia) hem_cr_ptaGe.hh.............................
Turritella Cumberlandia Conrad..... X
__'assa(Tritia) Trivlttitoides Whitfield ............ :............. X
Terebracurvilirata Conrad............. X
Crustacean (Barnacle) = Balan,vs proteus Conrad ................

FOSSILSFRO._LOWERHORIZON_8$7 FEirr (A_D LOWE_?

Astart_ _neiformis Conrad ............................... )<
_arbula inequalt Say ............................................. X

" elcvata Conrad .... X
" idonea Conrad ..... X

_rastatd/a mcl_,a Conrad .....................................
Dosinea (Artemis) Aeetabulum Conrad................
f__cina tri_dcata Conrad................
Maetra ( Mulinla !) lat_atis Say X
Neva,ita duplieata Say.............................................
_uvala prozima _ay _ obl_qutt(Say) Heilprln X
periploma alta Conrad ........
,_%lcnsp. ?..........
Nassa ( Tritia) bidemata Emmons ...................
Tdlina prod_ta Conrad ............
_Tu_a _que_trlata Conrad.........................
Ven_ Dutatdli Conrad ................
Vener_eard/a (Otrdi_¢) 9ranttla(a Say X
Sea urchin ----Eehlnus .............................................. X
Fish ear bon_ _ Otollthus (Sdanidarum) dongatus Koken ..... X

NEW JERSEY GEOLOGICAL SURVEY



i

I 176 ANNUAL REPORT OF

There are listed above 50 fossil life forms, 46 of which are molluscs.

Of these molluscs, 13 were observed only in the upper horizon, and
17 only in the lower horizon, while 16 were found in both horizons.

Otoliths at 900 ]est.--Associated with the molluscan fossils, at about

this depth, were a considerable number of Otoliths, or the small ear

bones of fishes. These Otolitbs were all of them exactly alike, and

therefore probably represented but one species. Ernest Koken, a

German author, has written an admirable monograph upon Ors-

lithe, and figures therein a form from Tertiary deposits of probably
about the same age in northern Germany, which is identical with

the one occurring here. He gives ft the technical name of Oto-

llthus (Seianidarum) elonga2us.* These small car bones are those

of a fish belonging to the family of the Sdanidce, which includes the
weakfish and the Cape May goody. We thus have had preserved,

for our inspection to-day, portions of the remains of possibly the

aucestorsof the identical fishes now swimming in the waters of our
COaSt.

• Immediately below this shell bed occurs the water-bearing sand

from which this wel], after having been continued deeper, finally

obtained its supply. This will be again referred to under the head
of water horizms.

FOR&MIN1FERA,

At various depths within the 775 feet of Miocene strata now being

described, Foraminifera were observed by the writer while making

microscopic examinations of the borlugs. A careful listing of tlJe

various species found in this well was not made. It was very ob-
servable, however, that they were generally identical with forms

studied by the author in the year 1889 from the _ame bed at Atlantic

City, when the following genera were then noted,J" viz., Nodoaario,
Deatallna, CrlsteUaria, Robulina, Nonionina, Rotallna, Rosalina,

.Bulemina, Uvigerina) AmpMstiglna, Ot(ltulina, Bilocullna, 2_riloctt-

lina and Texlularia. Many of the forms closely resemble species de-

scribed in 1846 by d'Orbigny from the Miocene clays around Vienna,
Austria.

*Zeitsehrift der Deutschen Geologischen Gesellsehaft, page 560, table XII.,

figure g.
t Proceedings Acad..N'at. Sci., Philada, 1890, page 143.
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_LITHS AT 1,040 FEET.

In the clays at the depth of 1,040 feet were a number of minute
microscopic calcareous objects which have been named coccoliths by
Huxley. They are lees in size than most of the smaller diatoms, and
require a magnificationof about200 diameters to be seenat all satisfac-
torily. In shape when seen edgewise they much resemble a collar
stud, and consist of a small, circular or oval disc joined by a shaft to n
slightly larger disc, also circular or oval, as the case may be. In the
last or seventh edition of "Carpenter's Microscope and its Revela-
tions," by Dolhnger, it is stated that they are "from _r_l_-_to
of an inch in diameter," and that they are "now very extensively
diffused over the deep-sea bottom, being especially abundant in the

globlgerina mud."
According to Dana, coceoliths are also abundant in the Cretaceous

of the eastern slope of the Rocky mountains. The writer has also ob-
served them in Cretaceous outcrops in New Jersey.

CORAL.

Several fragmentary specimens of a cup coral (Phaooc_athus) were
obtained from the lower portion of the boring, but whether they came
from the top or the base of the Eocene (?) greensand next described
is not certain. This same coral was also found in the borings at
Atlantic City.

GREENSAND MARL, EOCENE (?).

1,104 m 1_244 feet.

The interval from the depth of 1,104 feet to the bottom of the
boring at 1,244 feet is escupied-'by what is practically one bed of a
clayey glauconitic green sand. This deposit is stated by the well-
driller to have been of a clayey nature because of the behavior of the
drill while penetrating it. Its clayey nature may also be inferred
from the fact that the walls of the well stood open without being
cased. The hydraulic process used in drilling so washed away the
finer clay particles that the specimens are mainly of clear sand,
consisting of a mixture of white quartz grains and of glauconitic green-
sand grains, the latter often showing beautifully the divisions of the
foraminiferal chambers within which the glaueonite was cast.

12
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An open sand seam not more than ten feet thick occurs midway in

this bed, namely, at the depth of 1,185 feet. This furnished a copious
overflow of salt water.

On comparing this greensand bed with a very similar deposit

occurring between the depths of 771 and 900 feet at Crisfield, Md., of

which the writer has specimens, and also with a more arenaceous,
though at the same time a largely glauconltlc deposit encountered

between the depths of 955 and 1,095 feet at Atlantic City, and con-
sidering the relative position of the greensand bed at the three
localities, the writer is much inclined to the view that the same bed is

represented at each place. N.H. Darton, in "The Transactions of the

American Institute of Mining Engineers," February, 1894, describes
the bed at Crisfield as a "dark olive-green argillaceous sand with a

large proportion of glauconite," and refers it to the Pamunkey for-

matlon--the local name for a bed generally regarded as of Eocene age.
This view of the age of the bed is strengthened by a comparison of

the clays below the green sands, both at Atlantic City and at Crisfield.

Specimens of these clays from both places are in the writer's posses-
sion and are lithologically very similar. A pen-and-ink note written

by lq. It. Darton on the margin of the leaf of a copy of the above-
named paper, which he sent to the writer_ states that at 970 feet at

Crlsfield there were "clearly.defined Severn clays "--these belong to
the Cretaceous.

The well-boring at Wildwood is said to have been discontinued

upon the top of a clay bed. Of this no specimens were received. It
was probably the same Severn or Cretaceous bed.

WATER HORIZONS,

In sinking the well small overflows of fresh water were observed

at the depths of about 625 and 843 feet, while a much larger flow
was obtained just below the shell bed that occurs at 887 feet. All

these flows were from sands interbedded in Miocene clays. A strong

flow of salt water, as already stated, was had midway of the Eocene (.9)
greensand at 1,185 feet.

The well was finally finished with a depth of only 931 feet and

draws a good supply of fresh water by means of a fifty-foot strainer
from the interval between 887 and 931 feet, which interval is occu-

pied by a fine gray sand. This water horizon is probably the equlva-
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lent of that at the depth of 750 to 800 feet at Atlantic City_ Long-
i_ort and Ocean City.* It may_however, be noted that this water-
_nsaring stratum at the three last-named localities consists of a
brownish, rather coarse sand, while at Wildwood the sand, as above
noted, is gray in color aud quite fine.

ROCK eTRATA.

In the boring of wells in Miocene beds to the northward of Wild-
wood, solidified rock strata have either not beenencounteredat all, or,
if found, but a single such stratum has been met with. On the con-
trary, such solidified deposits are quite frequent at Wildwood--ten such
strata having been passed through, varying from eight inches to six
feet in thickness. Their respective positions are shown in the accom-

panying vertical section. Plate V. These rock strata consist of a fine
sandstone, at least only in part cemented by limej since if pieces of
the same be placed in acid they effervesce slightly, retain their shape,
and do not disintegrate or become loose sand.

The Miocene sediments at Wildwood were generally much finer

¢han at Ocean City, Longpert and Atlantic City_ but not so fine as at
Criefield.

The relations of the strata at Atlantic City and Wildwood are better

<lemonstrated by the accompanying vertical sections (Plate VII.) of
the wells at the two localities. These sections, as drawn, show practi-
cally a cross-section between the two places, although the rate of dip
cannot be stated for the reason that we do not yet know the exact

strike of the strata in Cape May county.
For correlation, we add on the right a columnar section of the wells

at Crisfield, Md. On comparison of the latter with the Atlantic
City to Wildwood section, it will be seen that the non-diatomaceous
clays and the iaterbedded water-bearing sand which intervene in blew
Jersey between the base of the 300 to 400.foot diatom bed and the
top of the Eocene (?) greensand marl are absent at Crisfield; also,
_hat the great Miocene diatom clay bed thickens southward from
Atlantic City.

As this paper goes to press we learn that tim same water-yielding sand has been

again opened by a well recently finished at Brigantine, N.J. This sand is here
again brown in color.
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The reference now made of the beds at Atlantic City, below the
depth of 955 feet: to the Eocene and the Cretaceous, is at variance
with the identification made by the writer in the Annual Report for
1889, where the view was entertained that they ale wholly Miocene.
This view was then held because two or three Miocene shells were

found in the specimens of these lower clays. It now seems to the
writer quite possible that these were accidenlaUy introduced from
above.

If the lowest clays at Atlantic City--that is, those from the depth
of 1,095 to 1,398 feet--belong to the Severn and Magothy divisions
of the Cretaceous, it still remains an interesting question what are the
relations of these to the Middle Marl bed--that is, are the true green-
sand marls of the Middle Marl bed of New Jersey beneath these
clays, or are the marls replaced by these clays?

ARTESIAN WELL, ATLANTIC CITY, BALTIC AVENUE, BETWEElg

MASSACHUSETTS AND CONNECTICUT AVENUES,

Thorns B. Harper, of Jenkiutown, has put down at the above loca-
tion au artesian well for the Citizens Ice and Cold Storage Company'.
The well has a depth of 805 feet. An eight-inch casing was put in
to the depth of 450 feet ; below this a six-inch casing was continued
to the depth of 790 feet. A four-and-a-half-inch strainer was then
put in to the depth of 805 feet. The water, which is of excellent
quality, flowed seven feet above the surface at the rate of 40 gallons
a minute. The well has been pumped 125 gallons a minute, the ful_
capacity of the pump, without apparently reducing the supply.

The water stratum developed is the same as has been opened by the
Knickerbocker Ice Company's well, a few blocks southward, and

which reached a total depth of 800 feet, and by the second well put
down at Ocean City, ten or eleven miles southward_ and which also
has a depth of 800 feet. The same stratum is also probably opened
at Wildwood, near Cape May, the depth there to the top of the water-
bearing sand being 887 feet, and to the base, 931 feet. See report of
this well, page 178.

The wells of the Consumers Water Company at this place, stated
in past annual reports to have a depth of 760 feet, may possibly draw
from this same horizon.

The water-bearing sand at this point and at Ocean City is brownish,
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in color* at the top, and changes to gray at the bottom. At
Wildwood the entire thickness of the stratum is gray in color.

The following is the record of this well, as furnished by Thomas
B. Harper, with some additional notes in brackets by the writer. As
should be expected, it is substantially the same as has been published
in previous annual reports respecting other wells at this locality :
Sand .............................. surface to 20 feet.

Clay and marl .................. 48 feet_ 2(} feetto 68 " Recent and

Sand and gravel ............... 22 " _--- 48 " to 90 " Pleistocene_
[Fine whlteclay at 88 feet.] 275 feet.
[Floe white clay at 187 feet ]

Sand and clay ................... 320 " _ 90 " to 410 "

Black clay ....................... 150 " _410 " to 5{}0 "

.[Brackish waterat 430 feet.]

Coarsesand,bracklsh water.. 10 " _fi6fi " to 570 "

Clay with four sand seams... 208 " _570" to 778 "

'[Coarse sand at 7{}3 feet] ....

_Wood and shell at 765 ft.]

Wood and clam shells ........ 4 " _77fi " to 782 " Miocene,

Venus mercenaria.] Leunen. 530 feet.
[Artemis aeetabulum. 3 Conrad.
Tough, dark clay, under- ]

laid by coarse_ brown I
sand, with some_grains l 23 " _782 " to 805 "

large as peas, water- I

bearing. J

Thomas B. Harper also furnished specimens of clays from different
depths. Those at 88 and 187 feet seem from color and character to
belong to the Pleistocene. No fossils, microscopic or otherwise, were
found in them. The clays from 400 to 700 feet are richly diatoma-
ceous, in keeping with all other borings from the same interval at this
place, and sgain prove the great thickness sad persistence of the
Miocene diatomaceous clay bed of the Atlantic coastal plain of the
United States. The speciesof diatoms belonging to this bed arc listed
on pages 168 and 169.

ARTESIAN WELLS AT CRISFIELD, MD.

During the years 1892, '93 and '94, threeartesian wells were sunk
at Crisfield, Md. These will be designated as wells No. 1, No. 2 and
No. 3. Well No. 1 has a depth of 1,006 feet. Well No. 2 r_ached

* Since the preparation of tl_is paper a well has been put down at Longpott to the

same depth of 800 feet, and finding Ille same brownish sand, with an abundance of

waterj the flow from a six-inch pipe being 175 gallons a minute.
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a depth of 1,060 feet, and draws its supply of water from below 1,04@
feet. Well No. 3 has a depth of 980 feet, at which point further
boring has been temporarily suspended. Wells Nos. 1 and 2 were
put down for an ice manufacturing company by J. H. K. Shanahau,
who has kindly furnished an excellent set of specimens of the borings,
with full information respecting them. Well No. 3 was put down
for the Crisfield Water Company, under the supervision of it_ pro-
ieetor and President, J. H. Buxton, who, appreciating the value of
geological investigation, courteously and carefully preserved two ful]_
series of the borings, one of which he furnished to N. H. Darton and
the other to the writer.

Wells Nos. 1 and 2 were drilled by the hydraulic or jetty process,
which somewhat mixes the material and also washes away the finer
particles, so that care has to be exercised in interpreting the meaning
to be learned from the specimens. Well No. 3 was put down by the
use of the ordinary drill and sand bucket, which method brings up
the material in a condition nearly the same as that in which it occurs_
in the beds. For this reason the specimens obtained from this well
are particularly valuable.

The deepest of the wells put down at Atlantic City--that reported
in 1889, and which has a depth of 1,398 feet--was also put down
with the drill and sand bucket. As these two borings are the only
ones of nearly so great a depth so far sunk by this process in the
Miocene strata of our Atlantic coast, the specimens therefrom, both of
which are in the State collections, are especially valuable for compari-
son and correlation, not only with each other, but also with borings
already in hand from numerous other deep wells that have been put
down by the other or the jetty method. They serve also as a check
against drawing wrong conclusions from the latter.

N. H. Darton has already published in the "Transactions of the
American Institute of Mining Engineers," at their February meet-
ing, 1894, at Virginia Beach, a minute record of the strata passed
through by well No. 3, with notes of fossils, and draws therefrom
some geological conclusions. Previously, however, to the appearance
of this paper, the writer had carefully examined the specimens re-
ceived from wells Nos. 1 and 3, and compared the same with infor-
mation obtained respecting all three of the wells, and had compiled
the following record, which differs from N. H. Darton's in that the
consecutive specimens, which are separataly noted by him, when of a
very similar character, are grouped in beds of considerable thickness,
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thus making the record more simple and comprehensive. The refer-
ences, however, of the lower portion of the section to the Eocene and

the Cretaceous is upon the authority of N. H. Darton in the paper
alluded to :

ThickneSs. Total d_pth. d
Sand and loam .................. 15 feet. 15 feet, " ¢q

Gravel ............................. 5 " 20 " _52feet -_
Bluish clays and sandy clays, Recent. ¢J

described as tough ........... 32 " 52 " ,_
Gray sandy clays_ with Mio-

cene shells, .................... 58 " 110 " d
Greenish clay .................... 25 " 135 " :9
Clay with flinty stones, I inch ._

in diameter .................... 5 " 140 "

Clays and sandy clays_ with

scattering greenish grains, 100 " 240 "

Miocene fossils at 135, at 190
to 215 end at 233 feet.

Diatomaceous greenish clay, l0 " 250 " _ 313 feet of Mio- :
Greenish clay, with silicious

cone strata, oon-

limerock ooncerelions; taining molluscan
_ower2feetsolldrock ...... 20 " 270 " and a few other

Greenish clay, described as fossils.
hard ........................... 75 " 345 "

Miocene molluscs at 290 to

310 and 328 to 330 feet, _

tile latter a decided shell
bed 2 feet thick. .v

Argillaceous sand ............... 20 " 865 " ._

Miocene molluscs at fit5, at "d

352 to 370 and at 375 feet. =d
Layers of sands and greenish ._ a

clays, the latter slightly _
diatomaceous ................... 25 " 390 " "

Alternations of sand% din- i
tomaeeous clays and din- _

toraaeeous sandy clays, ._

mostly light greenish-gray
in color ....................... 105 " 495 "

Decidedly dialomaeeous _ 406 feet of Mio-

clays, light green and cone strata, diato-
greenish-gray in color ...... 115 u 610 " maeeous through-

Sand and comminuted shell, 10 " 620 " out, and represent-

Richly dialomaeeo_ green- trig the great go0
ish clay ........................ 100 " 720 " -400.foot Diatom

Fine sand, slightly clayey... 10 " 730 _ bed cf the Atlan-

Extremely rich dtatamaeeous tic coastal plain.

clay, light colored and very

light in weight ............... 41 " 771 "
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Thlckness. TotM depth.

GL_cc,,nhie indurated rock.. 4 feet. 775 feet. ) g
(,reens_nd m rl ................. 75 " 850 " _

I c_
t_ray clI_y_ Ii_ht _reeai_h_

i_ 129 feet
eonslderalde green sand. : Pamunkey (?)
mixed, and a large hum- ]
her i,f Foram;,l;Jera and [
C,weoLtlt_ ...................... 50 It 000 tt J

Dark greeni-h-gray clay ...... 30 " 930 " ]

(;reensand marl with large I
foramlnifera _ = n,_losaria. [

I
t_e............................... _ 933 " I

Dark greenlsh-gr_y day ...... 7 940 _-_---75 feet Severn (?)

Light bruwnish clay ........... 20 960 [
Dark brownish clay ............ 8 968 I "_
Black clay ........................ 2 970 [
Light-_ ok*red clay .............. 5 075 ] ._-

Fine _and ......................... 30 1,005 "L

Alternate layer_ of saud amt [ _ 85 feet
stiff clay 1 to 4 feet thick, [ Magothy (?) J
tile clays predomin_.ling... 40 " 1,045 " /

Sand ................................ 15 " 1,060 " J

The first fifty-two feet of the above record are undoubtedly geO-

logically recent, certainly not older than Pleistocene. It includes a

five-foot bed of whitish quarlzose gravel, many of the pebbles of
which arc the size of shellbarks.

The next 719 feet, or from the depth of 54 feet to that of 771 feet,

belong to the Miocene, as is evidenced by the characteristic Molluscan

fauna and by the oecurrcoce in the lower half of a rich assemblage of
marine dlatoms_ several of the species of which belong only to the

great Atlantic coastal Miocene diatom bed.
This Miocene section of over 700 feet of strata is naturally divided

at the depth of 865 feet into an upper division about 300 feet thick,

containing throughout a considerable Molluscan fauna, and a lower

division about 400 feet thick,containing an abundanceof microscopic
fossil diatoms, and but few molluscs.

The relative thlcknesscs of these various divisions may be seen by
referencesto the sectionof this wellon the right of Plate VII.

The two subdivisions of the Miocene will now be separately
considered.

UPPER PORTION OF THE MIOCENE.

In the interval between the depths of 52 and 375 feet the following

fossils occurred at the particular depths named. The list includes a

few reported by Darton, These are marked N. H. D.
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The identification of the fossils in the author's hands, both in this
and in the lower section, was made by C. W. Johnson :

At 52 to 60 feet, Nucula obllqua Say. = pro_:ima Say., _[actra (fragos_ ?) Conrad.

80 feet, fragment of large clam (not identifiable.)

13 to 100 feet, shell fragments N.H.D.
lfi0 to 110 " " N.H.D.

110 feet greensand grains, _cattering.

120 " " " still scattering

but more plentifill.
130 " many shells. N.H.D.

135 '_ Vcaer&ardia (Curdlta) granulata Say. ; also Perna and Arcs fragments.
140 " shells. N.H.D.

145 " greensand grains again.

t77 " shell fragments. N.H.D.

185 " fragments ofPerna. _. H. D.
190 " shells. N.H.D.

190 " Pecten Madisoaius Say., Ostrea sp. ? Mactra loteralis Say, TurriteUa plebda

Say.

215 u Balanus proterls Conrad.
233 " " " "

235 " shell fragments. _. H. D.
245 " marine diatoms.

240 to 268 feet, fragments of lignite. N.H.D.

285 feet_ shells. _. H. D.

290 " Turritdlaple.beiaSay.,_Va_a(Tritia)peraltaconrad. Amyda(Columbdla)

Communis Conrad. Venerlcardia ( Cardita) granulata Say.

310 " Lignite and shell fragments _. H.D.
310 " D_ntalium altenualum Say. Tarrhella plebela Say, Polyn¢.¢_ (Natl,)

perspectira Rogers.

328 to 330 feetp a decided shell bed two feet thick containing Turri_l/a plebeia

Say. (numerous), Scala*pits struT*insure Conrad, Venevicardia

(Card/La) granulata Say, Vvaus ah.eata and fragments of a

large clam not identifiable.

345 feet, shell fragments. 1',:.IC D.

345 " Turritelia ptebeia Say.
352 " Is_ardh !$1arka'J Conrad, Pecten Madisonius Say., Balanus proteus Conrad.

350 to 360 feet, fragments of Pecten Madisonius Say. N.H.D.

370 feet, pectea Jeffersonius Say. _. H. D.

375 " Pecten llTadi*oniu_ Say.

LOWER PORTION OF THE MIOCENE.

From thedepthof 365 feettothatof 771 feet,few molluscanfos-

silswere found,but almosteveryfootof thisentiredivisioncontains

numerous microscopicfossilsknown asdiatoms,assochtedwithwhich

are alsoothermiscroscopicfoesils_viz,spongespicules,foraminifera

and polyeistina.The followingshows the resultsof the author's
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examination of specimens from each of the various depths named.
N. H. Darton's notes for the same interval are also introdacd,
marked N. H. D. :

A! 3d5 feet, diatoms and sponge spicules.
375 "

356 "

390 "

400 "

410 "

420 "

From 420 to 465 feet, no specimens were secured.

At 460 feet, shell fr_gment_. N.H.D.
465 ,4 diatom,,.

466 to 470 feet, shells.

469 feet, shell fragmentg. N.H.D.
475 diatom-.
585

490 :md sponge spicules.
595

500 "

510 Turrlte{_a p!ebei¢_Say.

515 diatoms. (Diatomaceous. N.H.D.)

520 Tart#ella plebia Say.

520 diatoms plenty, some sponge spicules.
5BO

535 dlatomaceous. N.H.D.

545 diatoms plenty, Drill& limalula Conrad.

550 ,tetinoeyelus.

555 IDiatomaceous _N. H. D.)

565 and sponge spicules. (Turritella plebeia Say. Ig. H. D.)
575 Trie_ratlum Marylandiea, also Aetlnoeyelu_.

600 and sponge _picules.

_05 rich, also polycimina and foraminifera.
600 to 605 feet, dlatomaee_us, also !ffaeoma. N.H.D.

610 feet, shell fragments. N.H.D.
620 " " S.H.D.

620 " dlatom_ _c_nty, _and and shell.

640 to 650 feet, diatomaceous. N. It. D.

640 feet, diatoms and a few foraminifera.
650 " rich.
660 " " :rod n few foraminifera

660 " diatomaceous, als_ ,][aeoma. N.H. D,

670 " dlatom_ not plentiful, _ndy.

675 " and sponge _picules.

6_0 " ,ponge spicules, pt)lyelstina and foraminifera.
575 t() 690 feet, diatomaceous. .N.H.D.

710 feet, diatom_ very rich. (Diatomaceous. N. H, D.)

720 " also large glauconite grains.
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740 feet, diatoms very rich. (Diatomaceous, dark buff. _. H. D.)
750 " ( " light gray. N.H.D.)
760 " " " ( darker gray. N.H.D.)
765 " medium.

790 " " tIdiopdta.

It may be here stated that among the greensaad borings at the
depth of 790 feet, and therefore just below the point whmh htholog -
cally marks the divisions between the Miocene and the Eocene, there
was found a diatom, Hellopelta, always elsewhere characteristic of the
base of the Chesapeake Miocene. It may be that there has been some
mixture in this case, either of the borings, or possibly when the

diatom bed began to be formed some of the Eocene green sands were
worked over sgaln and deposited simultaneously with the diatom
clays. That there has been some mixture, however, is favored by the
fact that the specimens examined were from well No. 1, which wa_.
put down by the jetty method.

From n preparation of diatoms from the upper portion of this bed_
the author made a strewn mount upon which C. Henry Kain, a_

authority, readily recognized the following forms, thirty-one in num-
ber. This is probably not more than one-sixth the number of speoie_
occurring in the beds. The list, however, is sufficient to demonstrate
to diatomists thug the forms here assembled must have come from

the great Atlantic-coastal.fossil-diatomaceous deposit first dhcovered
about 1840 by Rogers, at Richmond, Va., which city it underlies,
and where it is well exposed along the high and steep banks of"
Shokoe creek, which cuts across that city on its way to the James
river :

Coseinodi_eus aplculat_ Ehr. Stephanopyxls limbata Ehr,
Coseinodlseuz robust_ Grey. Ilattonia Reiehardtii Grun.

Goseinodiscu8 marginatus Ehr. Eupodiseua Rogersii Bailey.
Coseinod lseus radialus Ehr. Mdosira _,_uleata(Ehr.) KtRz.

Coscinodi_cus excaratus Grun. Maneula didyma ]_hr.

Coseinodiseus oculus irldis Ehr. pteurosigma Virginiaeum Peticolas.

Coseinodiscus lineatus Ehr. Sgstephania corona Ehr.

Coseinodisevz perforalus Ehr. Systephania dladema Ehr.

Coseinodiseus symraetrieus Grey. Puzilla Americana (Ehr.) Grun.

Actinoeydus Ehrenbergii Ralfs. Didadla eapreol_s Ehr.
A ctinocydus -P.alfsii W. Sin. ltgalodiaeus *ubtills.

A ctinoptgd_ vulgaris Schuman. Goniotheeiura odontdla Ehr.
Actinoptydus undulatus Ehr. Goniotheeium Rogersii Ehr.

Aetinoptydus areolatus Elm Stephanogonia polygona Ehr.
arlhaphoneis amphieeros Ehr. Triceratium 3[arglandieum Bright.
Stephanopy'zi_ tuttis Grey.
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AotinoTtyehus Heliopella, previously mentioned as oeeuring in the
borings from this wel], does not appear in the above enumeration of
forms, because it8 position is lower down in the bed than the point
from which the material was taken which furnished the forms listed.

This diatom may be considered to be just as distinctively character-
istic of the base of the Chesapeake Miocene as the molluscan fossil
Melanop_s Marylandioa is of the St. Mary's or upper division thereof,
or as Turrltella Mortonl, another mollusc, is of the Eocene.

The next division occupies the interval between the depths of 771
and 900 feet, and is separated from the diatom bed above by about
four feet of indurated rock, showing on fresh fracture one mass of
beautifully bright-green grains of glauconite. This division is a two-
fold one_the upper two-thirds, or from 771 to 850 feet, being almost
wholly of pure green sand, while the lower one-third, or from 850 to
_}00feet, is very largely composed of a light-greenish clay of very fine
texture containing many foraminifera and Coeeoliths with a con-
siderable sprinkling of green sand.

We refer this division to the Eocene on the authority of N. H.
Darton, who says: "The coarse highly.glauconitic sands beginning
at 780 feet are typical of the Pamunkey formation [----Eocene] and
the siliceous stratum [771 to 775 feet] and scattering grains of
glaueonite chasaeteriz_ the base of the Chesapeake in surface outcrops
west of Chesapeake bay."

A similar siliceous stratum has been observed by the writer between
the base of the Miocene diatom bed and the top of the Eocene green
sand along the bluffs of the Patuxent river near Nottingham.

The following are the author's notes of the microscopic examina-
tion of this section. There are also introduced N. H. Darton's notes :

771 feet t_) 775 feet, rock t_'ith |_,rge gralr, s of glauconlte. N.H.D.

780 '" glau,-onlIe olive green ; also foraminifera.

790 " and diat.ras_ tteliopella.

_00 " dark green; also foraminifera.

._00 feet, glauvonlte, fine grains. ]b
" Hhell,oyster. _ N. H. D./

S'20 " glaueonlte, coarser grains. I

815 " gIauconlte_ durk green_ foraminifera.
_25 _

_t2 ' :frJin,, also eoecoliths.
_60 " and coccoliths.

:_75 "

990 " and coeeoliths.
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The next general division, that from the depth of 900 feet to that
of 975 feet_is made up of peculiar tough e]ays that cut like cheese
when wet, and that vary in color, being dark green, light gray, light
and dark brown, and even quite black. The microscopic examina-
tion presents for different depths the features noted below :

At 920 feet, coccoliths.

930 to 933 feet, glauconitej foraminifera (_Nodosaria) Balanu_ and shelD

fragments.

This is a stratum three feet thick, of nearly pure greensand grains,

mingled with which were some fragments of shell, and also of barnacles_
Balanus proteus Conrad. Especially notable, however, was the pres-
ence of a large foraminifera, a Nodosaria identical with a form occur-
ring in strata immediately over the Middle Marl bed of New Jersey.
At 940 feet, coccoliths.

955 " no micro-organisms.
968 "

From the lowest section, that from 975 to 1,060 feet, but few
specimens of strata were received, and these were sands from the
upper part, which, excepting small fragments of lignite at 980 and
1,005 feet, showed no fossils microscopic or otherwise. The descrip-
tion noted above, "alternate layers of sand and stiff" clay, one to four
feet thick, the clay preponderating," was taken from a letter from
contractor J. H. K. Shaaahan.

These two lowest divisions are respectively referred to the Severn
and the Msgothy divisions of the Cretaceous,also on the authority of
N. H. Darton, who, in a copy of his paper read before the America_
Institute of Mining Engineers, which he furnished the writer, and
which he revised with pen and ink, says (after revision): "It is
possible that the water bearing sand [at 1,006 feet] is at the base of
the Severn formation and is probably in th_ Magothy sands."

For a more graphic correlation of this well section with sections at
Wildwood and Atlantic City, N. J., the reader is referred to the
engraved sections, Plate VII.

ARTESIAN WELLS IN CRETACEOUS STRATA.

We now reportwellsinCretaceousstrata.Includedwiththeseis
onewelluponthePennsylvaniasideoftheDelawareriver,butwhich
drawsfrombedsthatbelongtoand aredirectlyconnectedwiththe

New Jerseyseries.Thesewellswillbe presentedin theorderof
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their geographical position, commencing at the southwestern end of

the Cretaceous belt, and continuing to the northwestern end, except-
ing, however, that a group of twenty-one wells in the region of Marl-
ton and Medford will be reserved for special consideration, following
the others. The wells to be reported are located at Bayside, Green-
wich, Quinton, Harrisonville, Wenonah, Magnolia, Pavonia, Phila-
delphia, Riverside, Bordeatown, Hightstown, South Amboy and the
region around Marlton and Medford.

With these records there are inserted two vertical cross-sections,
one illustrating the wells and the stratigraphical structure of the

region about Marlton and Medford, and the other showing the same
for a much wider belt--being a section from Mullica Hill to
Millville.

Both these sections show the depth beneath the surface at various
localities of the water-bearing sand immediately below the Middle
Marl bed. Such depth is indicated at a number of places where there
are, as yet, no artesians reaching the Cretaceous ; among these are
Bridgeton, Hammonton and Vineland.

ARTF_IAN WELI_ AT BAYSIDE AND GREENWICH.

Notice of an artesian well at Greenwich, with a depth of 690 feet,
was made in the Annual Report for 1885, and of one at Bayside with
a depth stated at 160 feet, was made in the report for 1889.

During the past year, upon the re-arrangement of the collections of
the Survey in the State Museum, at Trenton, specimens from the well
at Greenwich, from the depth of 360 feet downward, were discovered.
An examination of these specimens, microscopically and otherwise,
results in some addition to our knowledge. The former report was
void of information respecting the strata above 360 feet ; this is, in
part, supplied by the record of the well at Bayside, one and one-half
miles southwest, and nearly upon the line of strike of the strata.
The Bayside well records the first 190 feet, leaving an interval of 170
feet between the depths of 190 and 360 feet of which we have no
description.

The following combined record of facts respecting the two wells,
describes the stratigraphical structure of the region so far as known.
The record of the Bayside well is taken mainly from the report for
1889, but also includes some additional information that was recently
furnished by Maskell Ewing, of Greenwich.
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COMBIN_D SECTION.

WELL AT BAYSIDE.

33 feet. Marsh mud ....................... to 33 feet. Recent•
2 " Hard clay .............. 33 feet " 35 "

Salt _ater .......................... at 100 "
(Flowed 18 inches above tbe

level of tbe marsh and

probab v 2 feet above high
tide )

Salt water ago n .................. " 140 " Miocene.

(Very salt, cold and clear.)
30 " Hard clay ................. 160 " to 190 "

(This clay came up in little,
blue chunks almost as hard

as chalk.)

WELL AT GREEZqlVIOH,

Interval, on record ........................ 190 " " 360 " Age not determined.

_andy clay ................................. 360 " " 400 " ]
Clay containing _tul.aria* and [

other foraminifera ...................... 400 " " 450 " I
3IJcaceoussandyeiay ..................... 460 " " 525 " I

Greensand_ with shells _ G_?]phea, I
also Te.xtularia and other foramin-

ifera ........................................ 525 " " 550 " _ Middle marl.

Green and white sand, greensand I
|

grains and Coecollths_" ................ 650 " " 5g0 " _

Green and white sand similar to that I
at .............................. 550 " " 5S0 " ] =_

Textu/ar/a and Coccollths ............... 580 " " 600 J
Greenish sand. Ccccoliths, Textulorla

and greensand grains .................. 600 " " 625 I

Greensand, with Gryphe, a shell ......... 626 " " 642 " I
Greensand ................................ 642 " " 650

Black micaceoas sandy clay ............ 660 " " 675 " ! Lower marl.

Black micaceous sandy clay ............ 675 " " 690 [

Sandy clay t somewhat lighter in I
color, contains Coccoliths ............ at 690 J

*Teztularia is one of the genera of the foramlnifera which are minute forms of

animal life with calcareous coverings. The forms occurring here are invisible with-
out the aid of a microscope.

P _'For a description of Coccollths, see page 177. They are much more minnte

than the Textulari_ above noted, and require about six times greater magnification
• to see them eatisfactorily.
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Directly in the village of Greenwich, at a slightly higher elevatio_
than that where Job Bacon's well is located, there occur lo_se in the

soil fragments of rock containing silicifisd casts of shells. Similar
silicified rock with the same shell casts was encountered in digging a
well close by with a depth not greater than ten feet. These shells
are of Miocene age. A number personally collected by the writer
were submitted to C. W. Johnson, of the Wagner Institute, who
identified the following species :

O_trea (pererassa t) Conrad. _'assa peralta Conrad.
Venu_ mereenar/a Linnets. Peeten sp. ?

Maetra sp.? Turritella z_riabilis Conrad.

We are also informed that this stone was at one time quarried t_
the vicinity at the edge of a meadow bordering a creek.

These facts considered in connection with the relative position of
this locality with that of the Miocene shell marls to the northward_
near Shiloh, and not more than six miles distant, indicate that the
Greenwich well entered almost immediately beneath the surface into
Miocene strata. The hard days described in the Bayeide well prob-
ably represent the great Miocene diatomaceous clay bed of the
Atlantic coastal plain. The upper part of the undeseribed interval_
between 190 and 360 feet, is also probably Miocene, but the lower
portion possibly represents the transition from Miocene through the
Eocene into the Cretaceous.

The remaining portion of the Greenwich boricg, viz., from 360 to
690 feet, is undoubtedly Creiaceous, as is evidenced by the fossil
shells (Gryphea) and the successionof strata.

The absence of any record or any specimens of the lime sand that
elsewhere overlies the Middle Marl bed leaves the occurrenceor non-
occurrence hereof this marked stratum yet to be demonstrated.

The specimens in the Slate Museum corroborate the statement made
by Prof. Cook in the report for 1885, that "the Middle Marl bed_
with its characteristic fossils and grecnsand, was passed at 550 feet,
and the Lower Marl bed, with its equally characteristic fossils and
greensand, was passedat 650 feet." Below the latter depth the boring
was continued into the clay marls.

Neither the well at Greenwich nor the one at Bayside was suc-
cessful in obtaining water. It is, however, probable that a reliable .
well-driller, by the aid of the improved methods more recently in use,
coupled with the knowledge gained by experience during the years
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_s seen some finely-comminuted shell, probably from the Terrebratula

layer,,that is so generally shown m"outcrops of the same marl.
The lowest ten feet of the lime sand and all the underlying strata,

lgos. 6, 7, 8 and 9, correspond with beds penetrated by the wells at
Woodstown, between the depths of 8 and 134 feet. No. 6, however,
shows a difference in composition--here it is a thin clay seam, there
it becomes a correspondingly thin cemented shell rock or coquina.

"The water, both at Woodstown and Quinton, is obtained from a
pure, clean sand, _o. 9 in above record, showing at both localities a
thickness of eighty feet. This is the equivalent of the so.called red
sand bed that occursbelow the Middle Marl. At outcrops its color is
frequently reddish, but in these wells it changes to gray.

"This water horizon has also been opened by a well one and three-
quarter miles southeast of Mullica Hill, and is doubtle-_squite exten-
rove. It is probably identical with the one at Asbury Park below
the Middle Marl or at the depth of 425 feet from the surface. The
bed, however, seems to thicken in this more southern region, where
it furnishes a large supply of good water. The yield at Quinton is
stated at about fifty-five gallons per minute, and at Woodstewn at
about sixty gallons. The wells at both localities have u diameter of
six inches. The elevation of the surface at Quinton is about ten feet,
and the water rises to within one foot thereof. This sand bed should
be expected to yield a good supply at Glassboro and eastward and
southward therefrom."

ARTESIAN WELL AT HARRISOI_VILLE.

Elevation, 120 feet; depth, 122 feet; diameter_ 1½ inches.

During the summer of this year a well was put down by Charles
H. Leach for Joseph Cheeseman, one mile east of Harrisonville, the
_levation of the surface being 120 feet.

The father of Joseph Cheeeeman had formerly a dug well on the
same spot with a depth of eighteen feet which answered for water-
supply until the surrounding woodland was cleared off, when it
_vecamenecessary to deepen the well, which was done by digging to a
depth of fifty-five feet from the surface. The most of the interval from
eighteen to fifty.five feet was through what is described as a "bad-
smelling blue clay." The present boring, which has a diameter of
one and a half inches, was commenced at the bottom of the fifty-five-
"foot well. The record of strata compiled from the information fur-
nished respecting both the dug and the drilled wells, and after com-
"_parisonwith specimens of the borings from the latter, is as follows :
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Superficial gravel, with pebbles large as walnuts
and larger, some streak_ of yellow clay at the
b"ttom .................................................. 18 feet, Pleistocene-.

Blul-h ,lay ................................................. 37 " 55 fe,et. _ Miocene (?).
"Blui._h-_reen, muddy, marly clay" ................ 25 " 80 t
White quartz_e sand, wilh greensand grains .... 10*t" 90 " 1

Alteraation_ of lime sand and lime rock, ecru- [ Cretaceous.
posed largely of Bryozoan and foraminifera.... '2.8 " 118 " I

f

Quartzcse sand, rrater.................................... 4 " 122 " J

There Js said to be plenty of water ia the four-foot stratum of san¢_
at the base. The supply evidently comes from a sand interbedded
within, but probably near the base of the lime sand that overlies the
Middle Marl bed. This lime sand but a few miles to the eastward

has probably a thickness of 100 feet, corresponding with that revsale_
at Quinton. See rage 194.

ARTESIAN WELL8 AT WENONAH.

Elevation, l0 feet ; depth, 196 feet.

Daring the year, two wells, each three inches in diameter, were
bored by Kisner & Bennett to supply the water works at Wenonah.
Each well has a depth of 196 feet. They are both located upon the
flood plain of a small tributary of Mantaa creek, at an elevation of
about ten feet above sea-level.

These wells are about one-half mile northwest of the well reporte_
last year as having been put down by Orcutt Bros., at the Wenonab
Hotel, to a depth of 345 feet, the elevation of the surface being about
seventy feet.

The wells now under notice missed, in consequence of their lower
position, the fifty-two feet of superficial loams and gravels of Quater-
nary age passed through by the previous well. This gravel has been
eroded by the stream from the locality of this well, but is beautifully
shown higher up in the railroad cut made through the hill which
forms the west bank of the small valley occupied by the stream.

The record of each well is as follows :

Marsh mud............. 8 feet = 0 feet to 8 feet. Recent.

Green rand ............. 2 " = 8 " " 10 "
Bluish day ............. 164 " = 10 " " 174 " _"Clay marls--Cretaceous.
Sand with water ...... 22 " = 174 " " 196 " j

_The thickness of this stratum is estimated; it may possibly be thinner. Its
occurrence is known from a specimen taken at the depth of eighty feet, said to be
next below the "bluish.green marly clay."
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The water rises to within six feet of the surface. This water

_aoriz_n is higher stratigraphically than that opened by the well of
last year. It is a bluish-gray, coarse sand within the clay marls and
is doubtless the equivalent of the thirty-five feet of strata described in
the well of last year as "gravel in streaks" between the depths of
245 and 280 feet. The lower water horizon described last year as

"coarse sand and gravel," between the depths of 318 and 341 feet, is
probably at or near the base of the clay marls.

The relations of these wells and of the one bored last year to each
vther and to the well at Sewell, reported in the year 1891, are shown
,in the annexed section.

ARTESIAN WELL AT ItIAGNOLIA.

• Elevation, 9t feet ; depth, 91 feet. Water rises to within 36 feet of the surface.

An artesian well was put down near Magnolia station, on the
Reading Railroad Company's route to Atlantic City, at a distance of
.eight miles, in a direct line, from the ferries at the foot of Federal
,and Market streets, Camden.

The following record, copied verbatim, was furnished by W. R.
Kelly :
_-'ellow clay and sand ............................................ 4 feet _ 0 feet to 4 feet.
Blue marl ........................................................... 32 " _ 4 " " 36 "

Coarse white sand, wlthwaterlnit .......................... 5 " _36 " " 41 "
.Coarse white gravel, with water in it ....................... 15 " _ 41 " " 56 "

Hard [stratum] like lime, with shells; these shells
had ridges on them; the edges were scalloped ........ 3 " = 56 " " 59 "

Black sand, with marl grains ................................. 15 " =59 " " 74 "

43ray sand and shells cemented together, with a sub-

stance like lime; the strata would change about a

foot apart ......................................................... l0 " _-74 " " 84 "

"Very dark, gray sand, with plenty of water ............... 7 " _- 84 " " 91 '_

W. R. Kelly remarks that the shells found in this well are different
from those near the bottom of the well at Laurel Springs, and which

belong to the Middle Marl bed. These probably represent the
Lawer Marl.

&RTESI&N WELL AT PAVONIA.

h six-inch artesian well was bored by W. C. Barr, at the Camden

Pumping Station on the Delaware river. This well is located on the
_neadows at the corner of Delaware avenue and Union street, aad
meat the foot of Fulton street.

o
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W. C. Burr furnished specimens of the borings and also the follow-
ing record, which we supplement with our own notes upon the right =

B'.aek river mud ................ 39 fever. 39 feet. Recent--contains diatoms.

Yelh*w and red mottled pins- ]
tic clay ............... 10 " 49 "

, _ PIastic clays.Red c,ay .......................... 23 " 72 "

White _and ...................... 6 " 78 " j

Large, coarse grovel ........... 5 " 83 " "p

White sand ...................... 2 " 85 " I
(Water in this rises to within i

I Cretaeeous_
1_ inches of the surface.) ]

Gravel and hand ................ 4 " 89 " i

V, h'te clay ....................... 1 " 90 " _ Potomac gravels.

Large grave] ..................... 8 " 98 "

(Water in this gravel, which

only rose to _vithln 34 feet

of the surface.)
Gravel, el_y aud sand ........ 16 " 104 "

Soft [disintegrated] r_ck .... 8 " 119 "

Then hard rock was encountered and the boring was dlscontinueff.

ARTESIAN WELL CORNER OF LAUREL AND BEACH STREETS_

PHILADELPHIA.

gunk through the base of the Cretaceous series of _ew Jersey.

W. C. Rarr furnishes the following interesting record of a well
bored at the corner of Laurel and Reach streets, near Shackamaxon

street ferry, Philadelphia, and about one and ihrte-quarter miles
slightly north of west from the well just reported at Pavonia :

('_ ar_e gravel and _:md to ........ 58 feet. Pleistocene.
Red cLLV..................... 16 " 74 feet. "t

G_vt_I ................................ 4 " 78 " Pot omac gr avels--Cretaeeous.
R.ck t-lay........................... 2 " 80 " )
Drilh',t iut_,lid r.Lk ............ 228 " 308 " andobtainedasupplyofgcodwater.

After a personal interview with W. C. Barr, when he explained
more fully the nature and color of the sixteen feet of red clay noted
above, the writer is satisfied that the red clay and underlyiug gravel
belong to the basal strata of the New Jersey Cretaceous plastic clays
and their underlying Potomac gravels.
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ARTESIAN WELL8 AT RIVERSIDE.

One test-boring into crystalline rock, depth, 92 feet ; and eight other wells, delah 36
to 40 feet; diameter of eacb, 6 inches.

Dorieg the summer a test.boring was made by Kisner & Bennett
tot the Riverside Water Company. By the co-operation of the
officers of the company and the contractors, specimens of the borivgs
were obtained, accompanied by notes respecting the strata.

The following is the record, with some notes added by the writer :

Yellow clay and pebbles surface to.......................... 8 feet.
Sand and gravel_ orange color ................................. 5 feet _ $ feL-tto 13 "

Gray qnicksand_ contains fossil Pinnularla and other

fresh-umterdiotoms ............................................. 2:4 " _13 " " 36 "

Gray quicksand, witb water ................................. 6 ,t = 36 " " 42 "

White sand and white clay mixed ........................... 6 " _ 42 " " 48 "

Sand and black mica (when wet the latter resembled

graphite) ......................................................... 10 " =48 " " ,58 "

Disintegrated rock, vcrymicaceous, blackmica ......... 17 " =58 " " 75 "
Hard, mlcaceolls rock ......................................... 17 " _ 75 " " 92 "

Further work on this well was abandoned. Subsequently the
same contractors put down eight other wells, each six inches in

diameter, to an average depth of thirty-six to forty feet, developing
the water-bearing sand indicated above, between the depths of thirty-
six and forty-two feet. From these collectively, we are informed,
there is obtained 250 gallons of water per minute.

It is interesting to note how near the surface the crystalline rocks
are found at this point. Slightly south of west across the river
and almost directly in the line of strike of the crystalline rocks in
Pennsylvania, the same rocks rise to the surface and are extensively
quarried at the Philadelphia House of Correction, near the mouth of

the Pennypack. The white sand and white clay noted above at forty-
two to forty-eight feet are indicative of a thin stratum of the plastic
clays of the Cretaceous. In one of the other wells a thin stratum of
red clay, alike characteristic of the plastic clays, was also found.

These wells are situated at the edge of the upland facing the Ran-
cocas creek, near its mouth. The strata above forty feet are com-
paratively recent geologically. The gravels near the surface have
been probably worked over from higher ground and redeposited upon
the quicksands which overlie the water-bearing stratum.
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ARTESIAN WELL AT B_RDE_TOWNo

Leach Bros., of Glassboro, report the following r(cord of a well
put down by them at a boat-house at Bordentown :

S_r f._ce .................................. 4 feet.

S:md, waterat lSfL_ct .............. 4feetto 1S "

Whitc tl,y .............................. 1,q " " 25 '

Fine ,and ............................... 25 " " 57 " )

Bhw ,_aml, w;th lignite; ,,zt, r I
r,:_:_................................... 57 " " 64 " I

Ait ernations L.f Ihln seam_ of cla) s ! Clay marls--Cretaceous.aml _an,l_ ............................. 6i 4, " 8.t "

_J, hi_e _:,nd, u,_t¢'r ;_v.y .............. S4 " " 90 " I
Aiternation,_ of _andsand clays...90 " " 102 " t
_'hlte saud, _:at.'r irony .............. 102 " " 107 " J

C_m},a_tclay ........................... 107 " " 121 "

At this depth the boring was stopped. This well probably entered
the top of the plastic clays, at whose base good water may be expected.
The water-yielding sands penetrated are impregnated with iron by
the clay marls which immediately overlie them, and which do not
furnish a good quality of water.

ARTESIAN WELI_ AT HIGHTSTOWN.

Well So. I. l':!ev:,tion I0_ feet_ depth 76 feet.

" N,,. 2. lo"; " 500 " (Enteredcrystalline rockat 482 feet.)
" No. 3. 86 " 428 "

At tiightstown there have been drilled three wells for the Peddle
Institute, the elevation of the surface and the depth of each well being
as stated above. Well No. 1 was put down some years since, and is
located at the building of the Institute. Of this well we have not
been able to obtain a record. Well l_'o. 2 is likewise located at the

Institute building. It was drilled by Uriah White the present year
(189-1),and was prospected to the crystalline rocks, which were found
at the depth of abJut 482 feet. At 500 feet the boring was discon-
tinued. Well No. 3 was subsequently bored by the same contractor
and finished at the depth of 428 feet, finding a supply of water in
-_me coarse gravels and sands that occur near the base of the plastic
clays.
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From the evidence afforded by a series of specimens of clays, sands
and gravelsj taken at various depths from Well ]No.2 and kindly
furnished by the contractor, it may be stated that aRer passing the
superficial sands this well penetrated the base of the clay marls, and
at a depth, as near as may be judged, of about 200 feet, passed into
the plastic clay series, in which it continued until the crystalline rock
was reached at 482 feet, as already stated. Some coarse sand and
gravel were found below the base of the clay marl and a short dis-
tance beneath the top of the plastic clays, and between the depths of
240 and 255 feet.

Still coarser gravels and sands were found at or near the base of
Che plastic clays at depths ranging from'385 to 435 feet. It is from
this stratum that Well No. 3 draws its supply.

Some lignite oocurred at the depth of 175 feet. The crystalline
rock showed much white quartz, some mica and a few small garnets.
A thin film at the surface of the rock at the depth of 482 feet was of
an iron-rusty color.

ARTF-_IA_; W_'LL AT SOUTH A_dBOY,

Elevation, 25 feet.

W. C. Barr, of Camden, forwarded the following record of a well
put down by him at South Amboy for the Pennsylvania railroad.
He also furnished specimens of the borings :

Top sand, dark, surface to ............ 2 feet.

Yellow gravel ............................ 5 feet _ 2 feet to 7 "
Red sand ................................... 9 " _- 7 " " 16 "

Blueclay ................................... 6 " _16 " " 22 " _ Plastic clays--

.Red, firm sand ............................ 27 " _22 " " 49 " j Cretaceotts.
Black clay ................................. 56 " _49 " " 105 "

An examination of the specimens shows that all below sixteen feet
and possibly all below seven feet belong to the plastic clay series at
She ba6e of the Cretaceous.
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SECTION FROM NEAR MULLICA HILL TO WINSLOW, BRIDGETO_

HAMMONTOIq, VINELAND AND MILLVILLE_ ILLUSTRATING,

THE DEPTH TO THE WATER-BEARING SAND BENEATH THE:

MIDDLE MARL BED.

Upon projecting and plotting to a vertical scale along a commun_
northwest and southeast section line and at their proper relative
distances apart, the boriogs at Woodstown and near Harrisonville
upon the northwest, and at Glasslmro and Qninton upon the south-
east, we have presented a complete vertical section, two miles in
horizontal extent, showing consecutively the beds from the Pleisto-
cene gravels at the surface through the Miocene clays and the various
lime, marl, sand and clay marl strata of the Cretaceous to the top of
the plastic clays that form the basal division of the group of beds
belonging to the last-named age in New Jersey. Such a section shows-
a dip of thirty-seven feet per mile southeast for the shell and helem-
nite crust or rock layer that separates the base of the Middle Green-
sand Marl from the top of the quartzose water-bearing sand beneath.

Upon extending the section to the northwest, so as to include the
wells at l_i-arltonand Medford, and continuing upward in that direc-
tion the line marking the shell and belemnite crust, it is found to
coincide at the proper depth with the shell crust above the water-
bearing sand in the last-named region. Continuing again the section-
in the opposite direction, to the southeast, and plotting thereon the
boring at Greenwich, and extending at the same rate of dip the line
marking the shell crust, said shell crust likewise coincides at the
proper depth with the shell stratum reported by Prof. G. H. Cook as
associated with the Middle Marl in the well at the last-named place.
Such a section as that just described has been constructed and is here_
inserted. It shows for a distance of thirteen miles a regular and per-
slstent dip of about thirty-seven feet per mile.

The section commences at the locality of Thomas Borton's wei]r,
near Mullica Hill, and continues sontheastwardly across the strike of
the strata, aed indeed includes a somewhat wider belt than that above
defined, being extended on the southeast so as to take in the localities
of Winslow, Bridgeton, Hammonton, Vinelaud and Mi]lville, at each
of which places, as marked on the section, a dotted vertical line is
projected downward to meet the line of the before.mentioned
belemnite and shell layer, and show at each of these localities the"
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probable depth to the top of the slxty-foot water-yielding sand nex_
below the Middle Marl.

The earliest deep artesian well in the State is at Winslow, but it,

stops in a higher sand, and therefore does not reach this stratum_

while the deepest of the two unsuccessful borings made a few years

since at Greenwich and noticed in this paper, passed through this

horizon, and probably failed to develop it from causes not then to be
overcome, but which may now be controlled.

Artesian Wells in the Vicinity of Marlton and Medford.

In the vicinity of Marlton there have been bered_ during the last,

two decades, a considerable number of artesian wells, mcet of which
are within three miles to the eastward, though a few are within the
same distance to the south and southeast.

There are also a few bored wells at Medford and within a distance
of two milesnorthand northeastthereof.Theselatterwellsareso

situatedastobe directlyinthelineof strikeof thestratawiththose

nearMarlton. Bat few of thesewellshave beenheretoforereported

inthepublicationsof theSurvey. Allthathavecome totheknowl-

edgeofthewriterinthisregionaredescribedin thefollowingpages,.

includingthoseto which referencehas been made in pastannual

reports.In thesecasestheplaceof suchreferenceisnoted.

Wellsin thisregion,afterpassingthrougha greaterorlessthick-

neesof superficialsandsand gravelsof Pleistoceneage,and insome

instancesalsoof some underlyingdepositsbelongingtoa somewhat

earlierperiod,penetrateentirelythroughtheMiddleMarl bed and a

crustoffossilehel].satitsbasetwo tosixfeetthick,beneathwhich is_

found a graysand with a plentifulsupplyof excellentwater. The

shellcrustcontainsthevalvesofan extinctoyster(E'z:og_/raco8to2c_

Say.)which has a twistedor curved beak,and alsocertaincigar-

shapedfossilscalledbelemnites(technically,]_elemnilellamuerona_

Schlot.)Thesetwo fossilsarecharacteristicoftheLower Marl and

itsoverlyingsand,the so-calledred sand bed,describedin the

Geology of New Jereay_1868. The crustis evidentlyon top of

thewater-bearingsand and forms an imperviouslayerthatprevents

thepercolationintothissand of theunsatisfactorywaterheldin the

overlyingMiddle Marl bed. The qualityof the water issaid

varyinthedifferentwells,but thewriterbelievesthatiftheeasi_
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are properly put in, so as to completely shut off contamination with
water from the sands and marls above the shell crust, that the supply
will be found uniformily good and desirable.

A cross-section of this region, drawn to scale, is here introduced.
Plate X. It shows the relative position of these wells to each

other across the strike of the strata, the section line being drawn
from northwest to southeast through Marlton. It also shows the
elevation above sea-level of the surface at each well, and likewise the
depth of each and the beds passed through. Three wells to the
southwest of Marlton, viz., at Woodstown, Gibbsboro and Harrison-
ville, are also projected in their proper position among these wells.
The section shows very graphically that, except in four instances, all
_he wells draw from the same water horizon, and that the dlp of the
_rust is about thirty-seven feet per mile to the southeast.

The four wells excepted are those of Mrs. John Wilkins and Isaac
W. Stokes, which extend deeper_ and those at Gibbsboro and Har-
risonville, which stop higher up.

Mrs. John Wilkins' well draws from a sand some 200 feet deeper,

near the base of the clay marls.
I. W. Stokes' well is supplied from a sand about 100 feet deeper

than the shell crust_ but which horizon the writer would consider as
practically the lowest stratum of the same water-bearing (red?)
_and bed.

The wells at Gibbeboro and Harrisonville are furnished from loose
strata within the alternations of lime sand and llme rock next above
the Middle Marl. It is doubtful if this lime sand will furnish

everywhere a eatisfactory quality of water. Such wells should prob-
ably be continued some sixty or seventy-five feet deeper to the sand
beneath the shell crust. The close approach to this sand can be sur-
mised, when sinking wells, by the appearance of the before-mentioned
belemnites in the borings.

At Joseph Evans' a first and unsuccessful boring was proieeted a
considerable distance into the clay marls.

Specimens from Joshua S. Wills' well, and from the wells at
Woodstown and Quinton, show the occurrence of the lime sand that
overlies the Middle Marl bed. This lime sand can be recognized by

.peculiar perforated, elongated, flat, calcareous bodies called J3ryozoa.
At Qainton this sand is over 100 feet thick, while in this region the

thickness is about twenty-five feet.
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The wells of this region will now be reported in detail. They are
situated at twenty-one localities, and are all bored wells except those
at Locust Grove, which are dug wells. The wells are reported in
the order of their occurrence upon the dip of the beds, those first

noticed being farthest back upon the dip.

DUG WELL8 TWO MILES WEET OF MARLTO._i'_ ON THE FARM

OF ELLWOOD EVANS, AT LOCUST GROVE.

Elevation_ 90 feet ; depth, 32 feet.

Ellwood Evans states that upon his farm, near Locust Grove sta-
tion, there are five wells with depths varying a foot or two, more or
less, from thirty feet, according to the elevation of the surface.

One of these wells is very nearly upon the ninety-foot contour liner
and has a depth of thirty-two feet. At thirty feet a stony erust_
about six inches thick and containing belemnites_ was encountered.
There was no water just above this crust, but in a reddish sand
immediately below_ there is an abundant supply and of cxosIlent
quality.

This belemnite crust represents the same stratum that is noted i_

the pages immediately following as having been passed through near
the base of all the wells in the region under consideration_ of which
we have full and authentic records.

The relation of this crust to the base of the wells is graphically"
shown in the accompanying vertical cross-section. The water.supply
comes from the so.called red sand bed, as described by Prof. Geo. B.
Cook in the Geology of New Jersey, 1868.

ARTESIAN WELL AT MARLTON N. J _ AT THE RESIDF_--_°CE

OF C, B, CHEW.

E]evatlon_ll0feet; dlameter, 5_inches; depth_$6 feet. Water rises within 24
feet of the surface.

The following is copied from the Annual Report for 1885, page 131 :

"At Marlton, in Burlington county, an artesian well has been
bored for Charles B. Chew, Esq., by Mr. Goldsmith Wilmot, of
Haddoofield. The well is eighty.six feet deep and with a bore of
five and five-eighths inches, and has been sunk through the Middle
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Marl bed and down into a sandy layer in which the well ends.
Unfortunately the notes in relation to the successive layers of material
passed through are lost. In genera], however, they may be described
as follows :

Loam and gravel to the marl ............................................. 20 feet _ 20 feet.
Black marl .................................................................. 6 " _ 2g "
Green_nd marl .............................................................. 15-20 " _ 46 "
Chocolate marl ............................................................... 6 " _-52 "

Thin stony crust ............................................................
Chocolate marl ............................................................... 6-7 " _59 "

Hard, black sand, which gradaally grew lighter, until it
became white. Ah_,ul 2 or 3 feet from the bottom struck a

very bard boulder, end drove the casing through it.
Total depth ......................................................... 86 "

"The water rose within twenty- four feet of the surface. The well
was then tested with a pump driven by a steam engine, and the water
was not lowered an inch after running the pump steadily for eight
hours. The quality of the water is good ; its temperature is fifty-
three and one-half* degrees."

The so.called "bard boulder" near the base is undoubtedly the
_ame shell crust containing belemnites that is noted in most of the
following records of wells in this region.

ARTF._IAN WELL IN MARLTON_ AT THE RESIDENCE OF

SAMUEL LIPPINCOT'r.

Elevation, 110 feet ; diameter, 5 inches; depth, 105 feet. Water rises within 18
feet of the surface.

The following record is furnished by W. C. Barr :

Top _oll .......................... 15 feet _ 15 feet.
Yellow sand .................... 6 " :_ 21 "

Black mud ..................... 2 " _ 23 "

Gray marl ...................... 3 " := 26 " _ Limesaad.

Green marl ..................... 22 ..... 48 " _ : _Iiddle l_Iarl. _ Cretaceous.
Chocoiate marl ............... 32 " _ 80 " ) !
Gray sand and watt.r ......... 25 " -- 105 " _ l_ed sand. J

The writer has been shown an internal east of a small oyster, prob-

ably Gryphea Brya,ti Gabb., that was obtained from this well and a
number of nodular specimens of the mineral vivianite. These have a

cast, and on a freshly-fractured surface present a metallic

_The temperature is now 58 degrees.
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appearance. Chemically they are a phosphate of iron. Both the
oyster and the vivianite undoubtedly came from the Middle Marl bed.

ARTESIAN WELL IN MARLTON, AT THE RESIDENCE OF
HENRY BRICK.

Elevation, 110 feet; depth_ 86 feet;

This well wag bored by Stothoff Bros. It is located upon the
main avenue in Marltoa, aud near the eastern end of the village_ and
about two blocks from the well of C. B. Chew. The ground has the
same elevation, 110 feet, and the well the same depth_ elghty-slx feet,
asC.B.Chew'swell.

No detailsofstrataforthiswellhavebeenreceived.Thereare,
however,stillpreservedspecimensoftwospeciesof oysters_Exogyra
co_tata Say, and C-rypheavesiculari_ Ixamarek, that, judging from their
iron-rusty color, probably came from the shell crust that is noted as
occurring above the water-bearingsand in most of the records of the
wells in this region. There is also a specimen of another oyster,
Gryphea vomer Morton, that may possibly have come from a somewhat
higher level. It is not so rusty in appearance and the shell has some
of the greensand matrix attached. Specimens of vivianite, a mineral
quite common in the Middle Marl bed, have also been shown to the
writer.

ARTESIAN WELL THREE MILES SOUTHWEST OF MARLTON I

ON THE PROPERTY OF _IES. JOHN WILKINS.

Elevation, 130 feet ; diameter, 5 inches ; depth, 316 feet. Water rises within
about 22 feet of the surface.

This well was noted in the Annual Report for 1885, page 1337and
erroneously stated to be "southeast of," instead of southwest of
Marlton, from which it is distant about three miles. It is upon the
property of Mrs. John Wilkins_ and is very nearly on the line of
strike of the strata with the wells of C. B. Chew, Samuel Lippincott
and Henry Brick_ in Mar]ton.

W. C. Barr furnishes from memory the following general descrip-
tion of strata :
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Top soli _nd rlulcksaT_d, inclndlng 2 feet of iron crust ............. 30 feet _ 30 feet.

Marl, im'lu,ling 4 feet of c_arse _ud, with ,rater not good ........ 78 " _ 108 "

(_recn quicksand ............................................................. 120 " _ 22_ "

Blue clay ........................................................................ 98 " _316 "

Coarse yAlow _and and gravel, with plenty of good water.

ARTESIAN WELL NEAR MARLTON, N. J., ON THE FARM

OF AMOS B, WKLLS,

Elevation, 100 feet; dlameter6inches; depth of wel184 feet. Waterrlses
within 22 feet of the surface.

In the spring of 1890, Stothoir Bros. put down an artesian well
on the property of Amos. B. Wills, five-eighths of a mile south of
Marlton. A supply of water was obtained at the depth of eighty-
four feet. No specimens were preserved, and no record kept of this
well. It, however, probably draws its supply, in part at l_a_t, from
above the shell crust that covers the top of the red sand bed, since
the water is quite irony. The well next described, which is scarcely
one-quarter of a mile distant, furnishes good water, probably because
communication with the water above this shell crust is completely
shut off.

ARTESIAN WELL ON THE FARM OF SAMUEL J. EVES_

NEAR MARLTON_ N. J.

Elevation, 120 feet; diameter_ 6 inches; depth t 114 feet. Water rises within
40 feet of the surface.

About the year 1891 or 1892, an artesian well was drilled by Stott-
hoff Bros. on the farm of Samuel J. Eves, three-quarters of a mile
south of Marlton.

Mr. Eves recently furnished from memory the following descrip-
tion of the suece_slon of strata, but without notes as to the respective
thickness of each stratum :

No. 1. Between a light and a heavy loam.

2. Gravelly soil.

3. Quicksand.

4. Dark material, somewhat llke marl.

5. Broken _hell_, like oysters.

6. Salt-and-pepper sand, with good water and plenty of it.

Tot_l depth, 11t feet.
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Specimens ef the salt-and-pepper sand at the base show white

quartz grains, glauconite or greensend grains, fragments of belemnitss
and a few foraminifera of Rotaline forms such as have been found

in the Cretaceous elsewhere. The water is of excellent quality and.

undoubtedly comes from the red (.9) sand bed beneath the shell crust
thatseparatesthatbed from theoverlyingMiddleMarl bed.

ARTESIAN WELL EAST OF MARLTON 2 UPON THE FARb_

OF J. W, BARR,

Elevatlon_ 70 feet; diameter, 3 inches; deptlb g$ feet.

W. C. Barr writes that he has sunk the past year a three-inch
well for his brother, J. W. Barr, on the road from Green Tree

(Evesboro) to Medford, and about two and one-half miles southeast

of the first-named locality, and about two miles cast of Marlton. He

sends the following record :

Soil and green clay ................................... 10 feet _= 10 feet.

Conrsesandaudgravel .............................. l0 " _=20 "

Black and green marl ............................... 14 " _- 34 " -_

Chocolate marl ....................................... 30 " -_ 64 " IMiddle marl:Shell crust, with bdemnitcs .......................... 4 " _ 68 "

Sandj water-bearing. ................................. Red sand bed.

Specimens of this last stratum were also thoughtfully furnished.

It is made up ef grsensand grains (glebigerina casts) and white

quartz grains with a large mixture of broken fragments ef shells.

Among these are fragments of some ponderous oyster, doubtless.
from their stratigraphical positien, either an E_cogyra or Gryphea ; or

possibly beth. There are also fragments of a Pe_ten and unmis-

takable fragments ef behmnites,* a cigar-shaped fossil

These fossils show that the water horizon is at the top of the so-
called red sand bed and beneath the Middle Marl bed.

_+Bdemnltella mucronuta Schlot.

14
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ARTESIAN WELL TtIREE MILES EAST-1WORTHEAST OF MARLTON_

ON THE FARM OF JOSIAH BALLEI_OER.

Elevation, 70 feet; diameter, 6 _nehes; depth, 76 feet. Water rises to within
almut l0 feet of the surface.

This well was put down in the fall of 1889, by Stotthoff Bros.,
from whom we learn that after passing about forty feet of marl in
different layers they " found at the depth of seventy feet shells and
little stems," the latter undoubtedly belemnites. The well was drilled
to the depth of seventy-six feet, stopping in a clean, whitish sand.
The water rose in the well to within about ten feet of the surface.

It is of good quality.

ARTESIAN WELL BORED FOR ISAAC W. STOKES, AT MEDFORD.

Elevation, ?5 feet ; deptl b 183 feet. Water rises within 17 feet of the sffrface.

This well was noted in the Annual Report for the year 1892, but as
it presents upon the aeeompauying vertical section the feature of an
additional water horizon stratigraphically lower than that shown by
any other well in the vicinity, it is again brought to notice.

The following is taken from said report_ page 302 :

"This well wa_ bored in 1889 (see report for that year, page 89)
to a depth of seventy feet, but was continued the past year to 183
feet. The record is made up from the former annual report to seventy
feet and below that from notes and specimens of the earths furmshed
by I. W. Stokes. The continuation of the boring was done by Stot-
hoff Bros.

Sand and earth ........................................................... 15 feet.
(1) Marl ........................................................................... 30 " 45 feet.

Sand, v_rying .............................................................. 15 " 60 "
Shelly layers ......................................................... 4 " 64 "
C_*ar_e gray sand Orote_-irony) .......................................... 6 " 70 "
( Depth of fin, t well.)

{2) Green marl .................................................................. 15 ,c 85 "
Blaekquleksand ........................................................... 25 " 110 "

[3) Marl ......................................................................... 11 " 122 "
Quicksand ................................................................... 35 " 157 "

(4) Marl (fourth stratum), at ................................................ 170 "
Sand, some clay ........................................................... 5 " 175 "
Sand, some clay (water good l ............................................ 2 " 177 _'
Sand ........................................................................... 6 " 183 "
(Cased to 179 feet)
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" Isaac W. Stokes writes that _the water is first-class, and rises to
within seventeen feet of the surface,' and that cthe supply seems
inexhaustible.'"

Quite recently I. W. Stokes again writes that "the flow (supply)
¢.ontinues unlimited and the water unsurpassed. Excellent."

The irony water noted at seventy feet probably came in large part,
at least, from the gceensands just above the shell crust that separates
the Middle Marl from the red sand bed.

The water horizon at 179 feet, now utilized, is probably near the
top of the clay marls.

ARTESIAN WELL TWO MILES EAST OF MARLTON, ON THE.

FARM OF BENJAMIN COOPER.

Elevation, 60 feet ; diameter, 6 inches; depthj 77 feet. Water rises within
4 feet of the surface.

This well was recently brought to the writer's notice by J. W.
Burr, who bored the same, and who states the depth to be 77 feet.
This well was reported in the Annual Report for 1885, page 132, but
its depth is there given at 70 feet. It is quite probable that the
casing was driven to only 70 feet, and that the drill penetrated to the
depth of 77 feet. The following, written by Prof. Geo. H. Cook, is
taken from the report for 1885 :

"At the farm of Benjamin Cooper, two miles east of Marlton, in
Burlington county, an artesian well has been sunk, which supplies a
large quantity of exceptionally.good water. It is located over the
Middle Marl bed, but the water is evidently drawn from a sand bed
underneath that bed of marl. The materials passed through, as re-
ported by Mr. Cooper, are--

Upper soil ........................................................................ 28 feet _ 28 feet.
Ironstone (sand and oxide of iron) .......................................... 3 " _-- 31 "
Greensand marl .................................................................. 1 " _ 32 "
Ironstone ........................................................................... 1 " _33 a

Greeasand marl, black and chocolate marl (no accurate account
kept of each) .................................................................. 19 " _52 "

Clean black sand_ with white specks ....................................... 14 " _- 66 "
Stopped in open coarse sand [wbitish], with belemnltes ............. 4 " _ 70 "

[_aterbearlng sand ........................................................ " _77

"The well was tubed with a 6inch pipe, and the water rose in it to
within 5 feet 7 inches of the surface, and remained at that point until

The words in brackets are intrott_lced by the present writer.
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the water was pumped freely, after which it rose to 3 feet 10 inches
from the surface. The water is clear and i3ot't, and of excellent qual-

ity for all household purposes. Its temperature is 5.4 degrees. Mr.
Cooper has erected over the well a 12.foot turbine windmill. After
running the pump for three days, with a good wind during the day,
at no time was the water lowered more than three inches, though the
pump was showing a steady inch stream."

In a recent interview with Benjamin Cooper we were informed that

the level of the water_ the temperature and the quality are still main-

rained. He also states that there is a difference in the quality of the
water from the various wells near Marlton and Medford ; that some

of the wells have not been continued and cased deep enough, but

were stopped within the above-described "black sand with white
specks_" which was entirely cased off in his well. This black sand,

he says, does not furnish as good water as the whitish sand below it.

In proof of the difference in character of the two sands and their

influence upon the quality of their contained waters, he instances the
fact that at the time of the occurrence of the earthquake, in the year

1884, the water in a well that was stopped in the blaok 8and was

made inky, while the water in his own well was made milky in ap-

pearance.

ARTESIAN WELL NEAR MARLTON I N, J,_ ON THE FARI_I OF

AMOS E_'ENS.

E',evation_ 70 f_et ; diameter, 5 inches ; depth, 83 feet. Water rises wlthin T
feet of the surface.

Some years since a well was put down on the farm of Amos Evens,
near Marlten.

The data at the heading above were f, lrnished by W. C. Barr.
The well draws from the same water horizon as the other wells in

this region.

ARCEE_IAN WELL TWo MILES EAST OF MARLTON_ AT THE

RESIDENCE OF WLLLIA M" B. COOPER.

Elevationj 55 feet ; diameter_ 5 iache_; depth_ 77 feet. _Vater rises very near
the surface.

W. C. Burr informs that he drilled a five-inch well at William B.

Cooper's. This well is northwest of Benjamin Ccoper's well a dis-

tance of one-eighth of a mile. In both wells the black sand with
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white specks was met with and cased off. This sand is said to much
resemble the black sand formerly used for sanding freshly-made
writing before the introduction of blotting paper. In both wells the
same depth of seventy.seven feet was reached and both furnish the
_samequalityofespec_aIly.goodwater.

ARTESIAN WELL NEAR MARLTONj ON THE FAR_ OF

WM. J. EVANS.

Elevation_ 100 feet; diameter, 5 inches; depth, 121 feet. Water rises
within about 20 feet of the surface.

W. C. Barr furnishes the following record :

'Depth of well when boring commenced ....... 24 feet. Pleistocene.

Bla_,k marl ........................................... 16 feet = 40 " Upper Marl(?)
White sand erust ....................................10-" _- 50 " Limesand.
Black marl and shell ............................... 30 " _ 80 "

'Green clay marl ..................................... 6 " = 86 " _Middle _,larI.
Chocolatemud ....................................... 28 " _114 " )
Shell crust ............................................. 3 " _117 " /

"Gray sand, trater ..................................... 4 " _- 121 " / Red sand bed.

The water is obtaiued from the top of the "red sand bed."

ARTESIAN WELL SOUTI_ OF MARLTON, AT THE RESIDENCE

OF BOWMAN S. LIPPIECOTT.

]'_levation, 85 feet ; diameter, 5 inches ; depth, 105 feet. Water rises with[n
16 feet of the surface.

The boring of this well was commenced at the bottom of a dug
'well, with a depth of 18 feet. W.C. Barr furnishes the following
record :

Depth of dug well ................................. 18 feet.

Black mud ............................................. 20 feet _ 38 "

White sand crust .................................... 12 " _ 50 " Lime sand.
Black sand marl .................................... 4 " ==- 54 ,t
Ironstone ert_st ..................................... 1 " _ 55 "

Black sand ......... ................................... 2 " = 57 "

Black marl ............................................ 6 " = 63 " Middle hlarl.
•Green clay mar/ ..................................... 8 " _ 71 "

Fine dark sand ....................................... 2 ,t = 73 "

Chocolate marl ....................................... 22 " _ 95 "

S el crust ....................................... 3 " _ 98 "

"Green sand ............................................ 2 " = 100 " _ Red sand bed.
White sand ............................................ 5 " _ 105 " )
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There were obtained from this bed, probably from the Middle
Marl, numerous well-preserved though fragmentary specimens of
Terebratula,* and a few small but perfect Exogyra.* From near the
base were obtained a considerable number of fragmentary specimens
of belemnitss. The Bryozoa so characteristic of the lime sand over

the Middle Marl bed were also seen among the specimens.

ARTESIAN WELL NEAR MARLTON, AT LEVI T. BALLINOER'S,

ON THE ELMWOOD ROAD.

Elevation, 60 feet ; dlameter_ 5 inches; depth, 82 feet. Water rises within
14 feet of the surface.

The following record was received from W. C. Burr ,,

Top soil and clay ...................................... 15 feet.
Gravel :rod quicksand ................................ 5 feet. 20

Black marland _hell ................................. 25 " 45 ]

Green clay marl ....................................... 4 49 i Middle Mart:
Chocolate marl ......................................... 27 " 76 J
Shell crust and bel_J,mi,,as............................ 4 " 80

_,_hlte .and, wattr ...................................... 2 " 82 } Red sand bed.

A series of specimens of the borings was preserved by L. T,
Balliuger. These showed, at the depth of 3'2 feet, indurated, irony,
red.colored casts of Gryphea_ and other shells. Attached to the casts
were crystals of vivianite. This shell layer exactly resembles indu-
rated casts of shells to be seen at Stratton's pits, near Mullion Hill.
At 65 feet were some fragments of an oyster, not in a condition that
would admit of determination. At 80 feet were fragments oF
belemnitee.

ARTESIAN WELL_ TWO MILE9 EAS_-SOUrHEAST OF MARLTON,

ON THE FARM OF J08EPH EVANS.

FJevafion,129feet. Ore.successfulwelljdlameter,Sinches; depth,155feet;

one ,msucce_sfu[well,deptth,365 feet

A successfulwellwasputdown withina fewyears,ofwhichRich-
ard Houseman furnishesthefollowingrecordof materialspassed
through.'

* Technically, Ter, brat,,h, ][ar/a.i Morton, ]'.'_vgyra ¢ostata Say.
f {;ritphea reMe_laris l,amark.
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Sand .............................. 20 feet --, 0 feet to 20 feet.

Black loam or marl ............... 50 " _ 20 " " 70 " Upper Marl (?)

Sand .................................... 14 " _ 70 " " 84 " } Limesand.Crust ................................... 9 " _ 84 " " 93 "

Green marl .......................... 27 " _ 93 " ': |20 " _ ,_[lddle Marl.
Sand .................................... 27 " _ 120 " " 147 " )

Shell crtlst of oyster and other

shells ............................... 2 " _ 147 " " 149 " } Red sand bed.White sand with water. ........... 6 " _ 149 " " 155 "

An uusuecessful boring had been made some years previously to a
depth of 365 feet. Of this well we are furnished with the following
general description of strata below the first 155 feet, to which depth
the well above noted furnishes correct information :

Grily mlcaceous sand from ....................... 155 feet to 220 feet.

Blue clay--clay marl from ....................... 220 *_ " 365 " "_jClay Marts.

Large oyster shells were foatxd at abuut 300 feet, and also sharks' teeth.

ARTESIAN WELL TWO MILE8 EAST OF MARLTON_ ON THE

FARM OF JACOB L. F.VE_S

Eievatlol b 60 feel ; depth, 98 feet. Water ri_es within 6 feet of the surface.

There is a well on the property of Jacob L. Evens that obtains at
the depth of ninety five feet a supply of exceptionally good water.
From a series of specimens preserved by the owner the followiug
da_a were obtained :

Yellowish marly _aud .......................................... at 20 feet.
,c , " 2.5 c_

Saml_ with Bryozoa ............................................ " 30 Lime sand.

Marl with Terebratlda ....................................... " 40 "

Gryphea ............................................. " 45 " I

Belemnites_ Bele_,itella ................................... " (657)" I_Middle Marl.
)furl ............................................................ " 80 "

............................................................ " 90 " j

Water-bearlng sand .......................................... " 9S Red sand bed:

The water rises within about six feet of the _arface.

The Terebratula and Gryphea above noted were well preserved r
nearly entire specimens retaining the shell in its original white
calcareous condition. From the records of the other wells, the writer
is inclined to think that the be]emnite_ noted at slxty.five feet are
wrorgly marked_ and were probably obtained at the depth of about
eighty- five feet.
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ARTESIAN WELL THREE MILES EAST OF MARLTONj BORED

FOR A. W. LOFLAND_ ON THE DAVIS ROGERS FARM.

Elevatlon, 60 feet; diameter, 5 inches; depth, 102 feet. Water rises within
7"feet of the surface.

While this report was in preparation the following record was
received from W. C. Barr of a well put down at the above locality_
which is about three miles east of C. B. Chew's well :

Top roll quicksand and pebbles ......... 15 feet = 15 fLet.

Black marl .............................15 _ 30 Upper marl. "_

Stone crust and gray marl or lime sand.. 28 _ 58 Lime sand. ]

Green marl .................................... 8 = 66 _ Middle Marl. IChocolate marl ................................. 29 _ 95 - /
Shell crtlst ...................................... 5 = 100 / Redsandbed. I o
Gray open sand and water ................. 2 _ 102 / )

There were obtained from this boring the following fossils : Bryo-
zoa from the lime sand, Terebralula from the Middle Marl, Belem-
nitella from the shell crust, Peelen probably also from the shell crust,
and small but perfect Ezogyra, the exact horizon or depth of which
we have been unable to ascertain. The water obtained is of good
quality, and rises within seven feet of the surface.

ARTESIAN WELL NORTHEAST OF AND NEAR MEDFORD, N. J._

BORED FOR JOSHUA S. WILLS.

Elevatloa_ 63 feet _ depth, 126 feet• *Water rises within 25 feet of the surface.

This well, which was bored by Stothoff Bros. was reported last
year, but as some additional information has since been received, it is
againnoticed.
ThiswellisuponthefarmofJoshuaS.Wills,aboutoneand three-

quartermilesnortheastof Medfordstation.A setofboringswas
exhibitedforawhileina drugstoreat Medford,and afterwardsfor-
wardedto thewriterthroughtherecommendationofa geological
friendwho chancedtoseethem,and who rightlyappreciatedthe
.valueofthespecimenstotheSurvey.
By correspondencewithJ.S.Wills,theelevationof thesurfaceis

learnedtobesixty-threefeet.Aftercarefulexaminationofthevari-
ousspecimensthefollowingrecordhasbeenmade :
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_'o. 1. Soll ......................................... 2 feet. 2 feet.

2. Clay, yellow sand ...................... 3 " 5 "

3. l_inegray sand with greensand grains... 5 to 15 "

4. Coarse graysand withgreensandgrains... 15 to 23 "

5. Olive-colored marl_ at .............................. 30 "

Bottom of'6. Dark-green marl, at ................................ 35 _' Upper l_Iarl,

7. Lime sand and foraminiferaj Bryozoa, at ...... 50 " I Lime sand.

g. Green marl withshell ......................... } 70 " _[iddle Narh
Gryphea and "_rcbrat Is, at ................. / I

9. Pare greensand,(larkcolorjat..................76 " ,,

10. " " light color, at .................. 80 "

11. " dark color, at .................. 91 "
_12. chocolate color, at ........... 104 "

13. " dark green, at ................... 120 "

14 Gray s,'tud with greensand grains and shell,

&c., Exogyra and belemnites_ at ............... 124 " I Red sand bed.15. Gray sand and watcrj at ........................... 126 "
This water rises to witlfin 25 feet of the surface,

J. S. Wills writes that "water was found at the depth of seventy
feet_ but that it was not good_and that after reaching the depth of
_27 feet we had an excellent flow of good water."

In the Annual Report for 1892, page 302, and also in this volume,
lmge 210, a record is given for a well bored for I_ac W. Stokes, one
amd one-half miles almost due northwest on ground elevated about
.seventy.eight feet. The relative position of these two wells is almost
.directly across the line of strike of the strata. I.W. Stokes' well, as

_tated last year, was deepened from a water horizon at about seventy
feet to one at 175 to 183 feet. A comparison of the records and

,specimens o£ the two wells shows conclusively that the upper water
horizon at slxty-four to seventy feet in I. W. Stokes' well is the same
:as that at 126 feet at the bottom of J. S. Wills' well.

The waterofinferiorqualitynotedaboveat seventyfeetrepre-
sents,ofcourse,a stillhigherhorizon.J.S.Willsalsoremarksthat
"the differentstratawe wentthroughareverysimilartothosepassed
"throughby JosephEvans." (Seepage 214.) Thislatterwellis
loomedsixandone-halfmileswest-southwest.The distancebetween

,twoparallelnortheastand southwestlinesof strikedrawn through
,thetwo wellsisone and one-tenthmiles.The shellbedinJoseph
Evans'well_at147 to 149 feet(seepage214),istheequivalentof
that in J. S. Wills' well at 120 to 12t feet. Making allowance for
,difference in elevation of the surface, a calculation shows this shell
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bed to dip slightly over thirty-seven feet per mile. The section for
this region is constructed on a basis of thirty-seven and five-eightlm
feet per mile, that amount of dip being the average presented by the-
various wells and harmoniziog best all the ecndit_ons.

ARTESIAN WELL IN MEDFOED) N. J.) AT THE RF_,$IDENCE

OF J0_EPH HINCHMAN.

Elevation, 60 feet ; diamete h 3 inches; depth, 150 feet.

About five years since a well was put down in Medford at the resi-
dence of Joseph Hinchman, who has furnished information from
which the following record has been compiled :

Sell and gravel .................................... 12 feet. 12 feet. _Pleistocene.

Clay .................................................. 5 " 17 " =Miocene (?).

Marl ......................................... 35 52 ': _ Upper Mar|.
Blue clay ......................................... 5 '_ 57 _"
Lime saud ......................................... 16 " 73 " = Lime sand bed.

Then altemathm of sand_, marls, gravels, _ =: Middle Marl and,
&e., to ............................................ 150 " / red saud bed.

Belemnlte_ near the ba,e

Water was found at 17 feet, at 90 feet, and at 140 feet. The
water at the lowest horizon only was utilized ; this rises to within
about 18 feet of the surface. The well is cased to the depth of 140.
feet, though the boring was continued to that of 150 feet. By refer-
ence to the section, it will be seen that this well draws from the same

horizon as the other wells in the region of Marltou and Medford.
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SUPPLEMENTTO REPORTON ARTESIAN
WELLS.

ARTESIAN WELLS AT PLAINFIELD.

P. H. & J. Conlin inform that they have sunk four wells for the
Plainfield Water Works. The average depth is about fifty feet.
Clay was found at about eight feet from the surface, below which
fine quicksand was encountered to a depth of forty feet, at which
depth occursa coarse water-bearing gravel.

"The first well was tested alone and produced on twenty-four
hours' test 7fi0gallons of water per minute. The others were tested
collectively and produced a similar quautity. The_e wells had
_eculiar strainers put in thhm, as previous wells put down had to

renewed on account of the sand getting in the strainers and clogging
them."

P. H. & J. Conlin also furnished samples of strata from wells
Nos. 3 and 4.

The water-bearing gravel, and especially the clay overlying it are
decidedly reddish in color and have evidently been derived from the
Trias. 1'finnyof the pebbles in the gravel are as large as walnuts
and butternuts, aud are more or less rounded and water-worn. Most

of them are apparently made from Triassic shales and sandstone_.,
though among these are a few of trap-rock, some of which show
amygdaloidal cavities.

ART]_tIAN WELLS AT NEWARK AND VICINITY.

P. H. & J. Conlin forward the following account of various wells
put down by them at Newark and vicinity :

"At C. Roberts & Co. Rubber Works, Newark, well 8 inches in
diameter. Struck rock 20 feet from surface. Drilled into rock 200
feet. Well produced, on pumping, 50 gallons of water per minute.
The rock was of the red shale formation."

i219)
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C_ " " '
Herold Smelting aud Refining Co., situated on the meadows,

about half way between Newark and Waverly. The first 20 feet
was black mud, then alternate layers of clay and quicksand. Clay
beds did not vary over one foot in thickness. Rock was struck at a
depth of 175 feet from the surface; the balance of the well, to the
depth of 220 feet, is drilled through red shale. Well produced, on
twenty-four hours' pumping, 100 gallons per minute."

'tAt Smith's tannery, Newark, we drove well to a depth of 195
feet. Nothing but clay, intermingled with fine sand, was met with.
At the above depth a water-bearing gravel-was found, and produced,
on ten hours' test, 60 gallons of water per minute."

Smith's tannery is one-half mile from the meadows adjoining New-
ark, and one-half mile from the Herold well, the latter well being
.*_hefarthest out.

"The Newark Licorice Works has a 10-inch well. Rock was en-
countered at about 32 feet from the sarfaee. The rock is of brown
sandstone character, of hard quality. Well 220 feet deep. Well
produced, on ten hours' continuous teat, 150 gallons of water per
minute."

"At W. Eoglehart's residence, Harrison, N. J., we sunk a well to
a depth of 127 feet. From surface to water.bearlng strata nothing
'but fine sand. There was a moderate supply of water found."

Harrison is on the opposite side of the Passaic from Newark. This
well and the wells above noted at Smith's and Herold's are all located

.upon practically the same meadow land.

2kRTF_SI&N WELLS IN NEW YORK CITY, BROOKLYN_

AND VIC[NITY.

P. H. &. J. Conlin report as follows :

Wells in New York C_ty.

"In New York City we drilled a well for the Manhattan Life
Insurance Company. Rock was encountered at fifty-five feet from
cellar bottom. The formation of rock was granite. There was no
visible supply of water until a depth of 800 feet was reached. At
that depth a small supply was found. At a depth of 1,056 feet.the
well produced on seventy-two hours' continuous test seventy-five

.^_'allousof water per minute."
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Wells in Brooklyn, N. Y.

"Ten wells, put down for the city of Brooklyn on Long Island,
fine sand was met with from surface to a depth of sixty feet, at which
depth a water-bearing stratum was found. The wells produced col-
lectively five million gallons of water per twenty-four hours."

This boring is evidently either in glacial morainic drift or in the
overwash plain on the south side of Long Island.

Well at Noroton, Conneotleat.

"We have drilled two wells in Connecticut on the sound near
_loroton. Drilled one to a depth of 700 feet, but no water. Drilled
another well about half a mile from first one; we are down about 900.
feet, with only four gallons per minute; the formation of rock is
granite; we expect to drill the wells deeper io the spring, with the
expectation of getting the needed supply. The rock has not changed'
in character from the surface. We have drilled several other wells
in Connecticut with very good results."

Wells at Mount Vernon, Port Cheaterand lVhitsons.

"We have drilled wells in Mount Vernon, Port Chester, Whitsons,
&e., all within thirty miles from New York City. They are all in
close proximity to the Long Island Sound. Rock was met with not
over five feet from surface, and was of granite formation. The wells.
varied in depth from 100 feet to 300 feet."
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REPORTON FORESTRY.

In accordancewith a supplementary act of the Legislature, passed
at its last session, and approved May 1st, 1894, the State Geologist,
under the direction of the Board of Managers of the Geological Sur-
vey, (1) "shall make an investigation to ascertain the extent, character
and location of the wild lands of the Slate which are suited for per-
manent occupation by forests rather than by agriculture," and (2)
"shall report the remlts of such investigation to the Legislature,
together with a statement of what part or parts of such lands would
be suitable for a State forest reserve," and (3) "the advantages as re-

gards the timber-supply, water-supply, scenery and climate of the-
State which would accrue from the conservation of existing forests by
the establishment of such reserve, or otherwise ;" (4) "the investi-

gation so to be made shall determine the extent to which forests of
timber of commercial value now exist in the State, and include a study
of the localities and areas which are specially adapted to the growth
of designated kinds of timber of commercial value;" (5) "it shall
also include an examination as to the presence or absence of forest
cover upon the slopes and summits of the more important water-
sheds of the State, and a study of the effect of such conditions as now
exist upon the maintenance of the streams therein and the regulation
of the freshets thereof;" (6) "the report to the Legislature shall state
the arguments touching the beneficial effect upon climate and rainfall
attributable to the presence of forests, and shall likewise present an
outline of the policy and legislation of other States and countries for
the preservation of forests and their regulation for public ends, so far
as the same may be applicable to this State."

The work indicated in this legislative enactment may be sum-
marized under the following heads :

1. A survey to ascertain the extent, location and character of the
" wild lands" or forest lands of the State, and the advantages of their
retention in forest.

15 (225):
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2.A surveyofthemoreimportantwater.shedsor drainagebasins
and theirforestedares_,withreferenceto theprotectivemeasures
neededtosavethisforestcoverand therebymaintainthepurityof
thewater,aswellaspromotethemore equableflowof thestreams.
3.A studyof therelationsofforestsasclimaticfactors,and par-

ticularlytotherainfall.

4. A compilation of the forest legislation in other States and
countries in so far as it may be applicabh to conditions in New
Jersey.

From thestandpointof our presentknowledgeof theforested
landsintheState,thefollowinglargedivisionsarerecognized:

I.Kittatinuymountain.
2. KittatinnyvalleyandthevalleysintheHighlands.

3.The Highlands.
4.The Red Sandstoneplain.
5.The Southern-0entralbelt.
6.The SoutheasternorCoastalbelt.

In this scheme the Upper Delaware valley is not given, except as
it is included in the Kittatinny mountain slope to the Delaware.
The trap.rockridgesalsoareomitted,astheyconstitutean insepara-
blepartof theTriadicor Red Sandstonebelt.The coastal-dune
rangeorsea-beachesalsoareomitted,inasmuchastheforeston them
isofinconsiderableextent,andisdestinedtogiveway to thegrow-
ingtownsandseasideresorts.
The largeforestedareasof theStatewhichareof su_cientextent

todeserveconsiderationas forestreservationsarein thesoutheastern

belt, and in the Highlands and on the Kittatlnny mountain. In the
Kittatinny and other northern valleys the Porcentage of area not
cleared and in farms is comparatively small, and the wood-lots are
the property of individual farm-owners.
In theRed Sandstoneplainthere islittlewoodland,exceptingon

thetrap-rockridges,which arelargelywooded. Deforestationhas

gonetoofarinsomepartsof thiebelt,and theeffectsof thegeneral
clearingareseeninthetorrentialcharacterofthestreamsandinthe
sweepanddestructionofthewinds.
In themarland claybelt--orasabovenamed,thesouthern-cen-

tralbelt---thereisa fairproportionof foresttofarm land,and the
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<listribetion is favorable to the preservation of equable climatic con-
ditions. Nearly all of the woodland in this belt, as in the Red Sand-
stone belt and in the Kittatinny valley and the Highlands valleys,
is in small lots or tracts and in farms. As thus locally distributed, it
is valuable for domestic or home consumption, and is not of extent
to command attention or public consideration as a part of a general
forest reservation under State control. The possible exception to this
general statement is in that class of valley slopes in the Highlands
drainage basins, where the character of the stream-flow may be
affected injuriously by the too general clearing of these lands, and
the exposure of the steeply.sloping surface to the wash of the rains.

The survey of the forests in the more wooded divisions of the State

includes the gathering of statistics of forest fires and the study of ways
in which the destruction of valuable timber lands may be averted, and
the obstaclss to profitable timber-culture be set aside. The problem of
public care of the woods and the prevention of fires must be investi-
gated and solved for the southeastern or pines belt, and also in the
Kittatinny mountain range. In the Highlands the dangers are not
great, and the ownership control is fairly efficient in protecting its
forests. In the other belts this question is not of importance, on
account of the small size of the wooded tracts, their distribution
among the cleared areasand their isolation. The individual owners
of the many small lots care for them and protect them against the
ravagss to which large tracts are more exposed.

The importance of tlmber-eulture or the value of wood as a crop,
and the climatic relations of forests, are broad questions, which are
not limited to belts or topographic divisions of the State, but arc
applicable to all. These questions affect the agricultural economy of
the State also, and are therefore of general interest to the rural popu-
lation. The farmer is interested in wood-growing and in the climatic
_onditions favoring good crops. The cities also are affected favorably"
_ar unfavorably, since they are exposed to the sweep of these forces,
which dominate both town and country.
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REPORT ON FORESTRYIN THE NORTHERN
PART OF THE STATE.

BY C.C. VERMEULE.

During the past autumn surveys and examinations have been made
of the forests of the northeastern part of the State, including practi-
cally the Highlands and Red Sandstone plain, between the New York
llne and a line drawn from the head of Newark bay through Boonton

to Ogdensburg. The work included a survey of the outlines of all
areas of forest of sumcient size to be shown on a scale of three inches
to the mile. The inquiries covered the size and quality of the growth,
classedasfollows:

I.Brushorstumplaud,toincludenoareasintendedtobecleared
:andcultivated.

2.Old clearingsformerlycultivated,but now growingup to
timber.

3. Young growth, in which class was included all timber less than
six inches diameter, the approximate age, size and height being noted.

4. Large timber, including all over six inches in diameter, the
diameter and height being noted as before.

Without attempting any strict botanical classification, the varieties
of timber have been designated as follows :

1. Deciduous, with the prevailing varieties indicated.
2. Coniferous, classifiedas pine, cedar, hemlock, &c.
3. Mixed deciduous and coniferous.

Notes were kept of the general character of scatteredgrowth over
lands under cultivation, also of the general condition of the forested
.areas, and of any remarkably large trees, any original forest, planted
gimber, brush land which seems incapable of producing timber, the

(229)
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suceession of growth, &e. information was also collected as to the

product of saw-mills, kindling-wood factories, &e., and notes were
made as to the value per acre of stump land of twenty-year or thirty-
year growth, and all heavy timber of various kinds ; also of the tes-
timony of reliable persons as to how the amount of timber now stand-
ing compares with that of previous periods, and of how the growth.
on slopesofhillscompareswiththatin thevalleysoron thetopof
plateaus.

Itwillbenotedthattheinquirieswereof themostpracticalkind,
anditisbelievedthattheinformationobtainedwillbe of valuein

reachingan understandingoftheactualeconomicconditionof our

forestedareas.Thus fartheyhavedevelopedthefactthattherehave
beenno importantchangeseitherinthelimitsofcultivatedland,or
in theproportionofforestedand cultivatedareas,sincethetopo-
graphicalsurveyswere begunin 1877. There have beenminor
changes,anda fewoldclearingsofsmallareahavebeenallowedto

grow up,theareasthusaddedtotheforestsbeingjustaboutoff_et
by thatwhich hasbeenbroughtundereultivation_likewiseinsmall,
scatteredparcels.

The topographicalmaps showedforestedlandsas distinguished
fromthoseundercultivation.They made no attempttoindicatethe
varieties,sizeorconditionofthetimber.Thereisverylittle]andin
theStatewhich,ifleftuncultivated,doesnotspontaneouslyproduce,
in a few years_a fairlygood growthof timber;consequently,the
landrepresentedas foreston.themaps,forwhichthesurveyswere
completedin 1887,rangefrombrushtogoodtimber,offrom forty
tofiftyyears'growth,and forthemostparteverygradationofgrowth
isrepresentedindueproportion.The examinationsmadeduringthe
pastyearhaveattemptedtodifferentiatethisgrowthintovarietiesof
trees,ageandsize,aswe haveexplained.
Like almosteveryotherphysicalfeatureof theState,theforests

may be classedbroadlyintofivedivisionscorrespondingwiththe
geologicalformations_and eachof thethreenortherndivisionsmust
be subdividedintoglaciatedand unglaeiateddistricts.Thereisa
marked differencein theproportionof forestarea,and alsoa les_
marked differencein thevarietiesof timbernorthand southof the

moraineline.Consequentlywe can mostconvenientlyconsiderthe

forestsby theseveraltopographicaldivisionsadoptedandfollowedi_
the"PhysicalDescription"oftheState,publishedin1888.
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PALISADES MOUNTAIN.

It will be a surprise to many to learn that this ridge, so near to the
large cities and in the most populous section of the State, is so well
wooded. From the State line south to Edgewater, a distance of thirteen
miles, aud for a width of one and one-half miles back from the bank of
the Hudsou, practically 90 percent. of the whole area is well timbered.
The forestecvem an unbroken tract of 11,000 acres. Beginning at the
State line and extending to one mile below Huyler's landing, we
have, on the talus slope along the river, a mixed deciduous growth,
mainly chestnut and oak, from thirty to sixty feet high, varied with
pine and hemlock near Huyler'a lauding We give here, ea else-
where, only the prevailing timber, but in reality this whole Paligades
forest includes a large number of varieties. Further down to Lin-
wood the growth on the talus is more irregular,containing a fair pro-
portion of oak and chestnut of good size, with scattering hemlock.
From Liuwood to Fort Lee the talus is well wooded, some good white
pine being found, hut oak and chestnut prevail. From Fort Lee to
Edgewater the river slope of the ridge is well timbered, hut a strip
of land along the river at the foot has been cleared and occupied by
residents. On the fiat top and upper portion of the western slope of
the mountain from the State line to Edgewater, if we except some red
cedar near the State line, the growth is practically of mixed deciduous
varieties, mostly oak and chestnut. This timber ranges from under-
growth to trees forty, sixty and eighty feet in height. Diameters of
from twenty to thirty inches, and heights of from sixty to eighty feet,
are not at all uncommon, especially from Huyler's landing to Edge-
water. Taken as a whole, there are not many finer belts of timber in
the State. The laud is largely held in such a way that there is com-
paratively little danger of wholesale deforesting, but this beautiful
forest has almost as good a claim to future preservation a_ the
escarpment of the Palisades. South of Edgewater the ridge is prec.
tieally a city to Bergen Point, and entirely deforested.

HACKENSACK VALLEY* _.

The Red Sandstonecountry lying between Palisades mountain on the
east and Ramapo and Orange mountains on the west, was designated by
us, the Hackensack valley, in the" Physical Description." Topograph-NEW JERSEY GEOLOGICAL SURVEY
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icallyitisallonevalley,althoughnotalldrainedbytheHackensack
river.ItincludesallofBergenandHudsoncounties,Passaiccounty
southeastof Paterson,and thenortheasterncornerof Essexcounty.
It containsa largeurbanand suburbanpopulation,and itseems
somewhatanomalousthatitshouldalsoincludesome of thebest

timberof theStat_.The valleyasa wholehas30 percent.of ils

uplandareaintimber_or,in otherwords,61,000acresin a totalof
180,000acresof upland.Bergencountyhas39 percent.intimber,
Hudson countyonly5 percent.,thePassaiccountyportion9 per
cent.,and theEssexcountyportion20 percent.In topographical
positionthistimberislargelyconfinedto theslopes,levelvalley
bottomsandplateausbeingmainlyundercultivation.Theseculti-
vatedportions,however,havea veryliberalallowanceofseatteriog
foresttrees,orchardsand otherplantedtrees,sothatin lookingover
thevalleyfromau elevationitappearstobe verygenerallywooded.
The reallyforestedportionrangesthroughallconditions,froma very
limitedamountof brushand stumplandtoheavytimber.Very
littleof itisnow cutoffentirely,mostof thecuttingbeingselected
trees,sothattheconsiderableamountoftimbertakenouteachyear
isscarcelymissed.Thereisno wastefulnessapparentasa ruleinthe
handlingof theforests.It isgenerallya mixeddeciduousgrowth_
withoak predominatinginthe lowerlandalongtheHackensaek,
whilechestnutprevails on theh_gherridges westward,and softer
woods,suchasgum, whitebirch,beechand maplein theswamps.
Here and thereare a fewscatteringhemlocks.From Closterto
Eaglewoodthereismuch redcedar.The timberisusuallyinrather
small_isolatedareasnotoftenreachingI00acresinextent.Thereis
u tractofsome500 acresalongtheHackeneackneartheStateline.

ProceedingsouthwardfromtheStatellneacrossthewholewidthof
thevalleythereisa gradualdecreaseintheamountoftimber.The

growthinthevicinityof RamseystoWyckoffisrathermixed,con-
sistingofoak,chestnut,maple,beech,elm,whitebirch,redcedar,&c.,
inallstagesofgrowth,frombrushtotreeseightyfeetinheight,but
thereisa notableabsenceofstump landor new clearing.Near
Patersonthecountryisquitedeforested,the9 percent.offorestin
thePassaicportionofthevalleyconsistingmainlyofsmallpatchesof
oakand chestnut,preservedinconnectionwithfarms,and onlycut
occasionallyand sparinglyas needed.Most of thegrovescontain
much finetimber_and aregenerallywellearedfor. Proceeding
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_outhwest into Essex county the wooded area is increased to 20 per
cent. and is somewhat similar to that described, although the timber
is, as a rule, not so good. There are some quite large timber areas
north of Be]leville. In this Hackeneack valley, as a whole_ the
timber is probably as well eared for as in any other equally large
sectionof theState.Itisthriftyandhealthy,and sufferscompara-
tivelylittlefromfires.
The valueof thelandhereis,ofcourse,generallymuch toohigh

forprofitableforestry.In mostwell-locatedplacesitisworthfrom
_400 to $1,000 per acre where it is still sold by the acre instead of
by thefoot.In a fewout-of-the-wayplacesitrangeslower,butis
inanyeaselargelyindependentofthecharacterofthetimber.From
inquiryitwas estimated,however_thatthetimberalonewas worth
from $80to$50peracrefora thirty-years:growth,and in propor-
tionforyoungertimber,butoldtimberof mixedvarietie_isworth
from$I00to$150peracre.Swamp landtimberissaidtoberarely
worthmore than$20 per acre.In thevicinityof Wyckofl_ we

obtainedthefollowinggeneralprices:Swamp land,$5; twenty-
years'growth,$15 to$25; thirty-years'growth,$25 to$35; large
-oakand chestnut,$75 to $100 peracre.About Oakland_stump
land,$3; twenty-years'growth,$'20; thirty-years'growth,$30

largemixedgrowth,$60. In suchinquiriesasthisitbecomesquite
evidentthatmany of theestimatesgivenarebasedontheprevailing
rulethattimberwillproduceonecordofwood peracreforeachyear
thatitisgrowing,and thatthiswood isworthabout$Ipercordon
thestump,aswas determinedbya largenumberofwritteninquiries
neatoutby theSurvey,theresultsofwhichwerepublishedin the

AnnualReportfor1885. Thisruleseemsto prevailalloverthe
State,butitisquiteevidentthatitcannotbe equallyfairforall
sections,althoughprobablya goodworkingaverage.

A few tracts claimed to be original forest were noted in the Hack-
• essek valley. One is half a mile east of Hilledale, containing about
thirty acres of oak, fifteen to twenty-elght inches in diameter and
about seventy feet high ; a small piece of oak one-half mile south of
Rivervale,another,onemilewestofEnglewood_containingoakfrom
_fteentothirtyinchesindiameterandfromsixtytoeightyfeethigh,
and anotherpieceofoak,onemilenorthwestofOradell,on theridge.
Itisnoticeablethatallofthesetractsareofoak.

Severallargetreeswerenotedthroughoutthevalley.At Hoho-
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kus, a fine elm fifty inches in diameter and eighty feet high, with u
spread of branches of about 100 feet ; one mile southwest of Etna, an
oak forty-six inches in diameter and sixty feet high ; in an old clear-
ing one mile northeast of Saddle River, two chestnuts each sixty
inches in diameter; on the estate of the late Hen. W. W. Phelps, at
Teaneek_two oaksfortyinchesin diameter;atRidgewood,a chest-
nut sixtyinchesindiameter;atHaworthja chestnuteighty-four
inchesandanotherseventy-eightinchesindiameter;northofArcola,
a chestnutseventy-twoinchesin diameter;atOverton,a chestnut
seventy-sixinchesindiameter.Mostofthesechestnutsareonlyre-
markableforgirth,but nearOradellthereisa finechestnuttree
sixty-threeinchesindiameterandfifty-fivefeethigh; attheforksof
theroad,a littleoverone-halfof a milenorthofRamseys,a chest-
nut sixtyinchesin diameterand fiftyfeethigh;another,three-
quartersof a milenorthwest,sixtyinchesin diameterand forty-five
feethigh. NearCampgaw we noteda chestnutsixty-twoinchesin
diameter and sixty feet high, and two others sixty-six inches in
diameter and fifty and sixty feet high; north of Wyckofr, a large
whitewood thirty-six inches in diameter and eighty feet high ; near
Wortendyke, a chestnut forty-eight inches in diameter and sixty-five
feethigh. Near Patersonchestnutswerenotedthirty-sixtosixty
inchesin diameterand sixtyfeetin height;also,two largeblack
walnuts,neartheriver,northeastofPaterson,forty-twoinchesin
diameterandsixtyfeethigh. The totalconsumptionofsaw-millsin
thisdistrictwas ascertainedby iacluiryto amount to practically
2,400,000feet,boardmeasure,of lumber,and besidesthiskindling-
wood factoriesconsumedthe timberfrom abouttwenty-fiveacres

annually.The wholeconsumptionby thesemillswould therefore

probablynot exceedthegrowthfrom eighty-fiveacresannually.
Besidesthisuse,however,thereistheconsumptionforrailroadties,

telegraphand telephonepolesand fuel,theamountofwhichhasnot
yetbeenascertained.
As regardsthesuccessionofgrowth,thegeneralopinionseemsto

be thatitisof thesame kindas thatcutoff,althoughsomeclaim

thatwhiteoak and hickoryarefollowedby a more mixed growth.
Itisevidentthatsincethecuttingoffentireofareasof timberseems
tohavebeenlongagoabandonedin thisvicinity,and thatmostof
thecuttingis,aswe haveremarked,by cullingont_therecannotbe
much reliabledataobtainedonthispoint.At Moonachib mapleis.
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said to have succeeded oak, and at other places the succession has
been chestnut. There is no room for doubt, however, that as a rule
abandoned clearings grow up in red cedar, although this is occasion-
ally accompanied by, or replaced with, white birch.

Groves of planted white pine may be seen on the estate of the late
William Walter Phelps, and also one mile east of Saddle River, south
of the read from Ridgswood to New Milford.

WATCHU_G MOUNTAINS.

The detailed surveys have extended over the trap ridges above
Campgaw, Goffic and Preakuess mountains, and the First and
Second mountains southward to Caldwell and Verona. North of

Campgaw there is an unbroken tract of about 2,000 acres of timber
covering the trap hill. It is principally chestnut and oak, about fifty
feet high and from six to twelve inches in diameter in the northern
portion, and from twenty to forty feet high and three to eight inches
in diameter in the southern part. From Campgaw, by Sicomac to
the Goffic, the timbered areas are more scattering and also more varied
in character, but oak and chestnut are still predominant. Over all
these trap ridges red cedar prevails, springing up spontaneously and
persistently in abandoned clearings. It is generally less than twenty
feet in height. The Goflte has some good oak and chestnut timber
fifty to seventy years old, from fifty to seventy feet high and ten to
fourteen inches in diameter. On Prcakness mountain and the ridge
just west the growth is largely mixed with red cedar, and is of an in-
ferior size and quality on the trap, being much better on the red
sandstone portion of the eastern slope near the foot. Near Pompton
lake there is considerable good hemlock, this last being a rather un-
usual growth for this part of the State. Second mountain about

Caldwell and northward has some fair oak, chestnut and hickory.
First mountain is not so well timbered, and has more red cedar.

Abandoned clearings are quite frequent, and the whole of the growth
is irregular and patchy. Most of the timber is also younger than
that in the Hackensack valley. There is a noticeably greater preva-
lence of hickory on the trap than on the red sandstone. In general,
it may be said that the timber on the trap is decidedly inferior. This
whole region of trap ridges has from forty to sixty per cent. of its
area in forest, and there is a tendency tn increase all forest areas.
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PASSAIC VALLEY.

Detailedsurveyshave onlycoveredPompton plainsand thetown-

shipofCaldwellinthisvalley.Pompton.plainsisthemostsparsely-

wooded sectionof the valley.Generallythe proportionof forest

areaisfromtwentytofortypercent. Oak fromtentotwentyinches

in diameterand sixtytoeightyfeethighiscommon enough toindi-

catetheabilityof thesoiltoproduceheavy timber,but the prevail-

toggrowthismuch youngerand lighter.Itisquiteirregularboth

in _izeand variety.The softerwoods,suchas gum, maple,willow,

&c, prevailin the wet ]and. The valleyhas a largenumber of

scatteringtrees,plantedforesttrees,fruittrees,&c.,overitscultivated

p_rtlons,and most of thesetreesareof largesize,sothata general

view from any commanding pointgivesthe impressionof a well-

wooded country. Riker hilland Hook mountain containtimber

similartothatof theWatchung mountains_with a largeamount of

redcedar. Swamp-land timberisestimatedtobe worth,on an aver-

age,about$50 peracre,and upland$I00,ifmostlyoak and hickory.

Stump ]andisvaluedat from $20 to$40 peracre_but thisestimate

evidentlydoesnotconsiderswamp lands,which areless,ifthetimber

iscutoff. As inotherportionsof theState,theprevalenttendency

i_toestimateforthirtyyears'growtha yieldofthirtycordsperacre,

and aboutone cord peracreforeach yearthatthe timberhas been

growing. We may here remark thatobservationsseem to indicate

thatmostofthetimbergrows lessrapidlyafterreachingaboutthirty

yearsold,and generallyforthenorthernpartoftheStatethelargest

yieldisobtainedby cuttingataboutthisage,especiallyifthegrowth

islargelychestnut.

HIGHLANDS.

In the Highlands the detailed surveys have covered practically the

water.sheds of the Pequannock, Wanaque and Ramapo rivers. The

percentage of area in forest ranges from sixty to eighty, and generally

averages about 75 per cent.

The plateau bounded by Bearfort mountain, the New York line,
Vernon valley, and the New York, Susquehanna and Western rail-

road has about 80 per cent. of its area in timber_ consisting mainly

of oak and chestnut, a considerable portion of which is from thirty-
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five to forty years old, and only a few acres older, the remainder
being younger, ranging down to five or ten years. The growth from
thirty to forty years old ranges from six to ten inches in diameter,
and from thirty-five to forty-five feet in height. The more accessible
portion of the timber is said to be cut at twenty years. Timber is
believed to grow as rapidly as in earlier years. The only wasteful-
hess apparent in cutting comes from the tendency to cut at too early
an age, and this practice seems to be just about at the point of reform
owing to a change in demand for hcop-poles and cordwood, so that
there is likelihood of future improvement. The swamp areas in-
dicated on the topographical maps on this plateau are generally
wooded with maple, beech, elm, and occasionally with scattered pines,
larches and white cedar. A dense growth of rhododendron makes
some of the swamps very dark and almost impenetrable. Forest
fires sometimes give trouble, and a large area east of Canistear,near
Bearfort mountain, was burned over during this year. On this same
plateau, southwest of the railroad at Stockholm, the condition of the
timber is quite similar to what we have already described for the
first two or three miles, but farther southwest the timber is older and
larger.

Chestnut is said to generally succeedall other growth, accompanied
by a considerable percentage of oak. Pine is said to have been suc-
ceeded by oak and chestnut. The eastern slopes of the hills are
thought to produce the best timber, especially near the foot, while the
extreme tops also often produce good timber. This is attributed to
greater depth of soil. Fochuck mountain, lyiug just west of this
plateau, does not differ from it materially, excepting that there is
more hemlock and a somewhat thriftier growth. It is also not quite
so densely wooded. Over the cleared portions the scattered growth
is usually oak and chestnut, with some red cedar, maple, black walnut,
&c. All these trees are of good size, the cedars from eight to twelve
inches in diameter and forty feet high, and the other varieties from
twelve to twenty-four inches in diameter and averaging about forty-
five feet high.

In noting large trees here, as elsewhere, no attempt was made to
include them all, the purpose being rather to indicate about what
could be seen in passing over the country, and the capacity of the soil
to produce good timber. Four chestnuts were noted, ranging from
forty-two to sixty inches in diameter,and from forty to sixty feet high,
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mostly near Stockholm and along the road to Vernon. The following
oaks were also seen on Pochuck mountain : One, one-quarter mile
westof Sand Hills, forty-eight inches in diameter and sixty feet high ;
another, one mile north, thirty-six inches by sixty feet, the spread of
branches being forty feet. In Vernon there is one forty-two inches
in diameter by fifty feet high, and three miles north of Stockholm
another oak was seen thirty inches in diameter by forty-five feet high.
An elm one mile north of Stockholm measured thirty inches by fifty
feet, and another northwest of Vernon thirty inches by sixty feet.
A maple was seen on Pochuck mountain thirty-six inches by seventy
feet ; two east of McAfce, in the valley, about thirty inches by fifty
feet; two south of Vernon, about half way to Stockholm, about
forty-elght inches in diameter by fifty and sixty feet high. Black
walnuts were noted as follows : One, one-half mile east of Vernon,
along the valley road, thirty-six inches by fifty feet, said to be one of
the original forest trees. At MeAfee there is one sixty-six inches by
eighty-five feet. On the side of the mountain southeast of McAfes
there is an apple tree measuring thirty-six inches in diameter by forty-
five feet high, which is said to be the largest in Sussex county. Two
miles southwest of Vernon, on the road to Stockholm, an oak and a
walnut have grown together. At the base their combined diameters
are forty-eight inches i above the junction each is about twenty-four
inches in diameter.

The following was obtained as average values of timber near Stock-
holm: Stump land, $2; twenty.years' growth, $7; thirty-ysare'
growth, $10; heavy chestnut or mixed oak and chestnut, $80.
Heavy oak is said to be extremely scarce, but is quoted at from $60
to $100 per acre. At Vernon, stump land, $2; twenty-years'
growth, $7 ; thirty-ysars' growth, $12 ; heavy chestnut or mixed oak
and chestnut, $80. There is said to be very little valuable pine. At
McAfee, stump land, $3; twenty-years' growth, $7; thirty-years'
growth, $10; heavy chestnut and oak, $75 to $80. At Canistear,
stump land, $3; twenty-years' growth, $10; thirty-ysare' growth,
$15; heavy chestnut, $60.

On Bearfort mountain timber has suffered much from fires. In

1882, during the prosecution of the topographic survey of that sec-
tion, a fire ran over a large area south of the road from Greenwood
lake to Wawayanda, and this fire did iniury from which the foreste
have not yet recovered. A fire in 1891 ran over most of the moun-
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_ain tops from the State line to Cedar lake. The timber is generally,
both on account of these fires and the thinness or entire absenceof

aoil over much of the mountain, scattering and of little value on the
high ridges, but owing to its inaeees_ibility there has always remained
a considerable amount of original forest, and in 1882 there was some
quite heavy timber in the ravines, notably in the one heading at the
westernmost of the two small ponds near the State line. This ravine
was then heavily timbered, and travel through it was difficult, owing
to fallen tree trunks. It was a good example of virgin forest. But,
generally speaking, over the mountain tops the growth is scattering
andinferior,whichconditionhasbeenmuch aggravatedbytherecent
_resreferredto. Thereisa gooddealofthecommon pineandsome
hemlockscatteredoverthemountain.The besttimberisalongthe
easternslope,althoughthisisallsecondgrowth;but thepresent
growthisfromthirtytofortyyears,eighttoteninchesindiameter,
andfortytoforty-fivefeethigh. It ismainlyoakandchestnutand
scattering pine and hemlock.

Green Pond and Copperas mountains are mainly covered with a
forty-years' growth of oak and chestnut, rather sparse and poor on
the top and eastern face, where the soil is thin, but fairly good on the
western slopes, being there generally from eight to twelve inches in
diameter and thirty-five to forty-five feet high. As on Bearfort
mountain,thereisa sprinklingofcommon pine.Some lots,aggre-
gatingperhaps150acres,havebeencutoffwithinfromtentofifteen
years,buttheremainder,ifrecentlycutatall,hasbeenonlythinned
out.

Bowling Green mountain south of Milton is largely covered with
about a sixty-years' growth of oak and chestnut, averaging about
twelve inches diameter and forty-five feet high.

The valley at Milton and Oak Ridge centains most of the culti-
vated land of this region, but abDutone-third of its area is in timber,
mainly oak and chestnut of all ages from fifteen to sixty years, with
a little pine along the road south of Clinton, and some maple and
othersoftwoodsinthelowground. Itisnoticeablethatallthe
principalslopesaboutthisvalley,andgenerallyontheupperPeluen-
nook water-shed,arewelltimbered.The valleyhasa considerable
number of scatteredtreesoveritscultivatedportion,mostlyfrom
eighttotwelveinchesindiameterand fortytofiftyfeethigh. The
largetreesnotedwerea blackwalnut,three-quartersofa milewest
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of Milton, thirty inches by fifty feet ; a red oak, one quarter of a mile
north of the same place, thirty.six inches by forty feet, and another,

near Upper Longwood, sixty inches by sixty feet. From Peters-
burg to Upper Longwood, along the road, there are from twenty to.
thirty oaks and maples, ranging from twelve to twenty-four inches
in diameter and averaging forty-five feet high. A maple east of
Oak Ridge measures thirty-six inches in diameter by fifty feet high.

The portion of the Highlands lying between the valley running
fromGreenwood laketo Newfoundland, and Wanaque and Passaic val-

leys, was designated the Passaic range, in the "Physical Description."
A portion of this, north of Pequaunook river, has 75 per cent. of its
area in forest, the central belt of the range being almost unbroken
by clearings. In the northern part there is a considerable amount of
oak and chestnut, from thirty to forty years old, including, perhaps,

one-quarter of the whole region, while another large tract appears to
exceed forty-five years in age_all the more accessible portions near
Wanaque valley and the Pequaunock being young growth of all ages
from three to five years and upward, with very little stump land and
no new clearing. It is evident that the practice of cutting at twenty
years or younger has prevailed for several years along the lower
Pequannoek, and it would appear that the forest has suffered injury
in consequence. This young timber seems to have been mainly cut
for charcoal, firewood, hoop.poles, &c. While the timber is mostly
oak and chestnut, there is some pine and hemlock between Macepin
and West Milford, also red cedar in old pastures, and some white
cedar south of Greenwood lake. The only portion of consequence
which seems to have sn/_eredfrom fire ]s an areaof perhaps 150 acres
along the Greenwood Lake railroad, just east of the lake. Most of
the eastern part of this section {s owned by Cooper & Hewitt, being

a part of the Ringwood tract, and the forests of this part seem to be
steadily improving. There is some new cutting about Hewitt, two
or three hundred acres of stump and brush land being noted, and
also some considerable areas of young growth of all ages. On this
Passaic range, southwest of Pequannoek river, our surveys have ex-
tended to a llne drawn east and west through Denmark and Split
Rock ponds. Chestnut and oak prevail here also, being mostly from
thirty to forty years old, but with some younger parcels between
Charlottesburg and Marcella, and also between Blooming,dale and
Brook Valley. The latter portion is also somewhat mixed with
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cedar, white birch, &e. There is little brush or stump land to be _
seen and not much timber less than ten years old. A tract of severM
thousand acres about Stickle pond is now held as a private preserve,
and its forests are eared for.

:In Wausque valley, although the timber is more interspersed with
clearings, it does not differ from that already described, excepting
that there is more red cedar, which is probably due to the fact that
the land has been some time cleared.

Ramapo mountain is practically an unbroken forest, mainly oak
and chestnut. The main ridge from Negro pond south to the high-

way crossing from Midvale is covered with a good growth of perhaps
thirty to forty years old, and most of the flatter portions of the
mountain are likewise well timbered. Perhaps one-thlrd to one. half

of the slopes are not so well timbered, owing to thinness of soil.
The southern end of the mountain is mostly covered with quite

young timber and brush, and the timber on most of the more acces-
sible parts has been cut within twenty years.

Generally the Passaic range of the Highlands and Ramapo moun-
tain are more lightly wooded, and the timber has been more severely
cut during the last twenty years than on the Central Highland,

plateau westward. The proportion of forested area to the whole is
about the same. In this part of the Highlands it is thought geuerally
that the timber grows as vigorously as in former years, and it is-
asserted that a thirty-years' growth will yield as much wood per acre

as the original forest. Some of the best timber here is on the slopes,.
but on the other hand more slopes have thin soil and there ere more
bare rock ledges than on the central plateau, and the_e have only _,
stunted growth or none, although they do not exceed probably one-
third of the entire slope area. Flat hill.tope and ravines are well.
timbered as a rule, although some ridges are quite bare of soil on the

top, and the forest is correspondingly poor.
The larger trees noted were two hemlocks, one mile southwest of

West Milford, which measured thirty and thirty-six inches in diame-
ter and about sixty feet high ; a red oak at the same place measurec_
forty-two inches by forty feet; an oak one mile north measured fifty-
four inches by seventy feet, and another, one and one-quarter miles
north, forty-two inches by forty-five feet, being a very beautifu_
tree. Near the same place we Iobserved two chestnuts forty-two
inches in diameter and forty.and sixty feet high _ a maple forty-two

16
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inches by eighty feet; another, in a swamp, forty-eight inches by
seventy feet ; an elm thirty inches by seventy-five feet, with a beauti-
ful spread of weeping branches. A chestnut near by measured thirty-
six inches by fifty feet, and one at Midvale fifty-four inches by fifty
feet; a pine at Wanaque measured thirty inches by fifty feet. No
very large trees were observed on the high part of the Passaic range.

Not much reliable data could be had as to values. In the vicinity
of Greenwood lake estimates ranged about as follows : Stump land,
$5 ; twenty-years' growth. $20; thirty-years' growth, $30. At Mid-
vale, stump land, $5; twenty-years' growth_ $10 to $20; thirty-
years' growth, $15 to $25; large oak and chestnut, $60 to $80 per
acre.

We have noticed that a large amount of Highland forest ranges
from thirty to forty years old, and only a very small amount exceeds
forty-five years. All recent cutting also seems to have been of timber
about thirty years old or younger. It would appear that much of the
forest now standing, or which has been cut in recent years, dates from
about 1850. Up to about that date there was a very large consump-
tion of timber for charcoal to supply forges and furnaces, as well as
for other kinds of fuel. Recently the cutting of timber less than
twenty years old appears to have been somewhat checked. Most of
this young timber was cut for charcoal, fuel and hoop-poles. The
reason for this check is mainly to be found in the lessened demand or
lower prices for these products. The evidence which we have col-
lected seems to indicate that the best results are obtained by cutting
at an age of thirty or thirty-five years. Chestnut partienlarly does
not grow so thriftily after this age. A potent factor in checking this
cutting of young timber is the tendency now prevailing to acquire
large holdings of these northern Highlands. This movement is rapidly
under way, and will undoubtedly result in a marked improvement in
the condition of the forests during the next twenty years. At Wawa-
yanda lake one owner holds 3,000 acres, and on Bearfort mountain an
iron company holds 2,000 acres. At Cedar lake a club holds a large
tract as a game preserve. At Ringwood, the property of Cooper &
Hewitt embracesa large extent of territory. At Stickle pond a private
owner has acquired an extensive preserve. Thus private enterprise
_,_m_ to promise the solution of the forest question in this portion of
the State. As most of this land is entirely unfit for eulfivatlon_ and
should always remain in forest in order to maintain the steady flow of

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 243

"the streams, as well as for other economic reasons, not to speak of the

_asthetlc, it is a matter for congratulation that such a movement has
set in.

Over the Highland area above described, which includes about 80,-
.000 acres of forest lands, the entire saw-mill product noted is about
574,000 feet board measure of lumber annually. In addition to this,
an excelsior mill at Butler uses about 1,800 cords. There is a large

•consumption of railroad ties and telephone poles, and also cordwood,
besides the fuel used within the district.

FOREST MAP.

The forest map accompanying this report is based on the results
of the topographical surveys which indicated the forest areas as they
-existed from about 1885 to 1887. As we have remarked_ the areas
thus shown included all conditions of growth, from brush land to
heavy timber. The forest areas still bear the same ratio to the entire
area of upland that they did at the time of these surveys. The map_
therefore, shows the pereentage of area at present in forest over every
part of the State. A line drawn from Long Branch across the State
to Salem divides the forests pretty accurately into two kinds. Those
north are nearly all_ or all, deciduous, while those south are mostly,
or all, coniferous. This map gives u good idea of the position of the
forests and of the deforested seetlons. The areas left white on the

map containing less than 10 per cent. of forest may be considered to
be deforested_and anything less than 20 per cent. of forest indicates
a pretty high state of cultivation. These areas, however, are much
relieved by the usual plentiful supply of large trees standing singly
or in rows along fence lines, in ravines, &c., or about residences, and
by fruit orchards. Excepting, perhaps, portions of Somerset and
H'unterdon counties, these trees are always sufficiently numerous to
give the country a well-timbered appearance, and their value is
sufficiently appreciated to make their increase more probable than
their decrease in the future.

The following table is compiled from the areas given in the
"Physical Descrlption_" and shows the total acreage of forest, with
the percentage of uplaod in forest for each county and for the entire
State. This does hot include scattered clumps of trees of less than
about ten acres in extent :
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Percentage
Forest, of upland

Counties. acres, in forest. Remarks.

At]antlc ..................... 27],638 88 5Iostly coniferous.
I]ergen ....................... 56,625 39 " deciduous.

Burlington .................. 321,697 60 " coniferous.

Camden .................... 66,588 48

Cape May ................... 75,372 72 Mixed.

Cumberland ................ 172,978 63 "

E_._ex....................... 24,239 32 Mostly deciduous.

Gloucester .................. 126,319 37 " coniferous.

Hud._on ..................... 713 05 " deciduous.

Hunterdon .................. 39,481 14 " "

Mercer ..................... 15,829 11 " "

Middlesex .................. 60_164 31 Mixed.

Monmouth .................. 89,711 29 "

Morris ...................... 140,101 46 Mostly deciduous.

Ocean ........................ 295_[67 87 " coniferous.

Passaic ...................... 76_170 60 " deciduous.
Salem ........................ 50,057 27 Mixed.

Somerset. ................... 28,613 15 Mo_tly deciduous.
Sussex ....................... 136,638 41 'f "

Union ........................ 14,350 23 " "

Warren ...................... 60_205 26 " "

The State. ............ 2,069,819 46
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•A PRELIMINARYREPORTON THE FOREST
CONDITIONSOF SOUTHJERSEY.

BY JOHN GIFFORD.

INTRODUCTION.

Forestry work in South Jersey began the first of July, 1894.

_uriog the five months of field work up to January, 1895, the forest
.conditions of the Southern Interior, which comprises all of Atlantic

and Ocean and large parts of Burlington, Cape May and Cumberland

-counties, have been studied. The causes, effects and prevention of

forest fires and the effects of drifting sand along our coast have been
noted. Savanna lands have been located and examined, and experi-

ments arc in operation by which we hope to show the influence of
forests on our local climate. The peculiar territory known as the

" Plains" has been studied and mapped. As the forest conditions

.have not been studied throughout'the y_r, this report is necemarily

only pre]iminary, and further investigations may necessitate modifica-
tions of the views herein expressed. Every effort has been made to

,arouse interest in forestry, looking to the revival of the lumber in-

-duetry and the estsblishment of other industries dependent upon

forest products.
A line drawn from Sandy Hook to Bordentown conveniently sepa-

rates the State into North and South Jersey. Another line from

Long Branch to Salem approximately divides South Jersey into two

natural geographical regions--one comprising the marl belt and allu-
vial ]ands along the Delaware, the other the Southern Interior salt
marshes and beaches.

In the marl region forests are few, since the soil is devoted to agri-
.culture. Here and there are protected wood-lots. A few acres of

_rees in a spot where the soil is poorest is a valuable addition to any

"farm. It not only improves the soil, retains the moisture and fur-

0aishes fu@ lumber and other minor products, but it lessens in many
(245)
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ways thedestructiveforcesof nature.In thatway forestsbecome
evenlydistributedinwell-eared.forpatchesoverallthecountry,and
arefullyaseffectiveasbroadstretchesof neglectedwoods.
The territoryknown astheSouthernInterioristhemain suhjecl_

of thisreport.The fertilefarmlandofthemarlbeltabruptlyends-
anda wooded,sparsely-inhabitedregionwithpeculiarphysicalcon-
ditlonsbegins.The natureof theforestsofatleasta partofthe
SouthernInteriorconcernsthefarmersof themarlregionbecause
many ofthestreamswhichflowby theirfarmstotheDelawarerise
initsbogsandswamps. The SouthernInteriorisboundedon the
northwestby thefarmlandsofthemarlregion,on thesouthwestby
Delawarebay,and on thesoutheastby theocean.Itisincluded
betweenlatitudesdO°20_and 38°55tandlongitudes74°and75° 30r.

Itisfringedon thebayand oceansidesby saltmarshes,whichare
separatedfrom theoceanby a lineofslendersandybeaches.It is
rollingin nature,seldomexceedingan altitudeof 200 feet.Its
heightisgreatestin a linethegeneralcourseof whichisnearly
paralleltoitsnorthwesternborder.Thisincludesthewater-shedsof
SouthJersey,a map of whichisshown inthereportoftheState
Geologistfor1893,page 273,illustratingthework on "Water-
Supplyand Water.Power,"by C. C. Vermeule.Savefortongues
of highlandbetweentherivers,theregionslopesgentlyfrom the
water.shedtothebayand ocean,intowhichitslargeststreamsflow.
The region on the eastern side of the water-shed is drained by the
Mullica, Great Egg Harbor, Maurice, Tuekahoe, Toms, Forked and
Wading rivers, and by many creeks. O_viug to the warmth of the
soil, the nearness to large bodies of water, and the presence of a
large amount of swamp land, the climate here is somewhat milder
than that of regions in the same latitude near by. Light sandy soila
predominate. There are many beds of day, ridges of gravel and
extensive areas of sandy and clayey foams. The gravelly soils are
usually on the upland ; the sandy, intermediate; and the loame in the
lowlands. The lack of forest cover would probably tend to increase
this condition of a_aire, since, owing to erosion, the llghtest particles
are carried the longest distance. Fertile silt is thus washed into the
lowlands and obstinate pebbly soils remain on the ridges. A forest
cover is acknowledged to be a potent geological agent in arresting
this action. The mat of roots and mulch retards the flow, the shade

and windbreak prevent evaporation, and a large amount of water-
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instead of flowing directly to the sea is retained, absorbed by roots
and transpired by leaves. There is no disintegrating rock, and
owing to the nature of the formation there is probably a lack of
soluble "inorganic substances in the soil. It is the opinion of the
majority of foresters, however, that more depends upon the mechan-
ical than upon the chemical nature of the soil. Upon the size of the
interstices of the soil depends the flow of water, and upon the
quantity of water in the soil maioly depends the nature of the forest
which covers it. On the other hand, rock is in the process of
formation. 8and and gravel are being cemented by compounds of
iron into sandstones and conglomerates. The climate, nature of the
soil and the formation of rock have much to do with the peculiar
forest conditions of the 8onthern Interior. The climate and a large
percentage of the soil of this region are favorable to forest growth.
A light moist soil with no hardpan near the surface is better adapted
to sylviculture than to any other branch of agriculture. In this
connection, Mr. B. E. Fernow, Chief of the Forestry Division of
the Department of Agriculture, says: "As regards adaptability to
soil, we need consider only the physical conditions of the soil, for
forest trees require such small amounts of mineral matter that it is
questionable whether a soil could be found that does not contain in
sufficiency those that seem neee_ary." Light sandy soils require a
forest cover to prevent shifting, to retard the flow of water and to
improve their condition, since a forest exerts a recuperative and not
an exhaustive influence. With the annual mulch inorganic sub-
stances from the deeper soils are deposited in litter on the surface.
The forest cover, including the underbrush and herbage, prevents the
pelting rains from leaching the surface soil.

The climate of 8outh Jersey is favorable to tree-growth. Of

course, the effects of cold increase as the mercury descends, but the
effectof a difference of a single degree at or near the zero point means
more to tree-growth than is ordinarily supposed. The effects of frost
on the trunks of trees are common. Trees grow with remarkable
rapidity in parts of the 8outhern Interior. The white oak (Q_erot_
alba), which is usually associated with rich, heavy soils, grows well
in Jersey sand. Clumps of virgin forest here aed there and records
of early travelers show that the forest-growth was once magnitleent.

8hip-building was for many years an important industry. Timbers
hewn from Jersey pine are famous for their durability. In several
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instances they have outlasted the finest varieties of Southern pine.
Several schooners were timbered with Jersey heart-pine in 1861
whose frames are still sound. Enormous quantities of charcoal were
used in the manufacture of iron from bog ore. Cordwood is still
extensively burnt by local glass factories and brickyards, and many
cords are still carried by small schooners to neighboring cities. The
principal, and not the increment, has been cut and burnt, and in
spite of a low price, were fires less destructive, the system of cutting
judicious and the taxation in proportion to the profit, the growing of
wood and other products of the forest would pay. In fact, up to
recent years, the leading industries depended upon the woods.

Except for strips of cleared land along the shore and along rail-
rc.ads and navigable rivers, the Southern Interior is still a wooded
c,Juntry, only a small percentage of which, however, is worthy the
_ame of "forest." In Ocean and Burlington counties there is an
area of about 225 square miles which seems hopeless for the profitable
cultivation of trees by individuals. It includes, however, an im-
portant part of the water-shed of South Jersey, and feeds hundreds of
branches which flow in all directions. O_her land which at one time

supported a heavy forest-growth, because of reckless cutting and
shameful burning with no attempt at regeneration, has gradually
deteriorated. Vast areas arc at present worthless and their owners
" land poor." Woodland often sells for the value of the wood that
_,vers it. Although considerable land has recently been cleared,
hundreds of old fields arc overgrown with pines and red cedars, and
meadows once banked and cultivated are now neglected.

In the agricultural part_ of South Jersey, especially along the
Delaware, the planting of wood.lots aud belts of forests needs to be
encouraged. During the strong winds of the spring clouds of sand,
in the cultivated regions along the Delaware, may be seen from the
Pennsylvania side, fully five miles distant. Not only do the grains
of sand cut and bury crops, but the wind has a peculiar parching
effect. Experiment has shown that the protection afforded by such
small objects as fences is remarkable. The writer believes that next
to yielding fuel, lumber and other valuable products, the most useful
function of the forest is in breaking the force of the wind. The
forest is a protective blanket over the face of the earth, breaking the
blasts of winter, shielding the surface from the direct rays of the sun
•and the pelting force of rain.
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In the Southern Interior of 19ew Jersey, much of which will, no
doubt, remain in forest for many years to come, in spite of its near-
ness to large popn]atlon centers, _he prevention of fires demands atten-
tion. In speaking of this region, Mr. B. E. Fernow, of the Forestry
Division, says : "When the danger of loss by fire has been reduced,
then it will be time to show how by the judicious use of the axe the
condition and usefulness of the natural woods may be increased and
_nally a rational system of forest management introduced, for forestry
is not what its first advocates in this country believed it to be, the
preventing of the use of the forest or the relegation of the same to
one use only, namely, as a cover to preserve equable water conditions.
Forestry is exactly the same as agriculture. It is the application of
_superiorknowledge and skilr to produce wood crops, managing them
in snch a way that the large3t amount of the best timber is produced
in the shortest time; or, in other words, the largest income from the
forest proper_y,without leaving out of considerationthe other benefits
_aceruingfrom a dense forest cover?'

LIST OF TREES GROWING IN THE SOUTHERN INTERIOR OF

NEW JERSEY.

Important tree_ are marked with a _tar. Exotic species are prtatod in small capEais.

_ Magnolia glauca, L. Magnolia, sweet bayj laurel magnolla, hrewster.
Lir;odendron tulipifera, L. TIzlip tree, white popiar_ _vhitewood, yellow poplar,

_aagnolla maple.
Xaathoxyluna Amerleanum_ Mill. Prickly asl b toothache tree.

A_hx._rnus GLX_DULO_S, Desf. Tree of Heaven_ tallow tree, pride of China,
-Btlnk tree.

* llex opaea, Ait. American holly.

_ Acer rubrum, L. l_ed maple, swamp maple.

ROBINIA PSEUDACACIAI L. Common locust.
ROBINIA VISCOSA_Vent. Clammy locust.

GLEDITSCHIK TRIACANTHOS I L. Honey Ioet_st.
Pr(mus Americana, Marsh. Wild, yello_r or red plum.

l'runus serotlna, Ehrh. Wild black cherry.

Px'gcs MALUS_L. Apple.

* Liquidambar styraciflua, L. BJlsted, sweet grim, llDg_ all;g_tor wood.

Comus florida, L. Dogwood.

_Sys, asylvatica, Marsh. (N. raultifl_rajWang.) Sourgum, tupelojpepperidga,

e-hck gum.

Diospyros Virginiana, L. Date plum_ persimmon.

Fraxinus Americana, L. White ash.

Fraxinus viridls, Michx. f. Green ash.

Chlonanthus Virginlea , L. Fringe tree.

Catalpa bignonioides_ Walt. Indian beala_ catalpa.
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* S_ssafrasoffitinale,Xee_. Sassafras.

Ulmtt_Americana, L. Common elm.

Cehls occidentalL%L. Hackberry,sugarberry,bastardelm,juniper.
Morus rubra,L. Red mulberry.

Mom's ALB_%L. White mulberry.

Platanus oecidentalis, L. Plane tree, buttonwood, sycamore.

Hieoriaovata(Mill.),Britt. (C_ryaa/ba, Nutt.) Shagbark, shellbark.
*Hicoria alba (L.), Britt. (Carya tomentosa, Eutt.) Mokernut.

fticoriag_abra(Mill.),Britt. ( Carya porclna, Eutt.) Pignut.

Hicoria minima (Marsh.), Britt. (Carya amara, Nutt.) Bitternut.
Juglans nigra, L. Black walnut.

*Betula populifolia, Marsh. White birch.

* Betula nigra, L. River birch, red birch.
Quercus alba, L. White oak.

*(_uercus minor tMarsh.), Sargent. (Q. obttuffloba_ Miehx.) Pest oak.
* Q_ercus bicolor, Willd. Swamp white oak.

* t_uercus prlnu_, L (Lv'hld_s, vat. montltola_ Miehx.) Chestnut oak.

Quercus Muhlenbergii. Engelm. (Q.prinus_L.,var. Aeuminata, Miehx.) Chestnut
oak.

*Quercns Mublenbergii, vat. humilis (Marsh.), Britt. (Q. priTwld_, Willd.).
Chinqu._pln oak, sweet acorn.

* Quereus pbello,, L. Willow oak, pin oak, peach-leaved oak.
Quercus phellns, rar. pumila, Pursh.

* Quercas nigra, L. Black-jack.

(_uereus heter_phylla, Michx. f. Bartram's oak.

* Quercus ilieifolia, Wang. Scrub oak.

*(_uercuseuneata,Wang. ( Q. falcata, Miehx.) Spanishoak.

* Quercus coccinea, Wang. Scarlet oak.

*Quercus tinetoria, Bartr. Black oak.

*Querc_ rubra, L. Red oak.
Quereus palustris, Du Roi.

* Castanea sativa, Mill., var. Americana (Miehx.), Sargent. Chestnut.
* Fagus ferruginea, Air. Beech.

Salix humilis, MuM. Low willow.

* Salix dlseolor, Muhh Common swamp willow.
Salix sericea, Marsh. Silky willow.
Sallx cordata, Muhl.

*Salix nlgra, Marsh. Black willow.
SALIX aI2a.a, L. White willow.

Polmlus tremuloides, Miebx. Aspen.
POPULI'_¢ ]t*ASTIGIATA. Lombardy poplar.
Populus grandldentaIa, Miehx. I_arge-toothed aspen.
Pol'ULU "4 ALB t.L. White poplar, abele.

*('hama,cyparis thyoides (L.), B S.P. (CYupressus thyoMe*, L.) White cedar.

* J uniperaJs Vir$iniana, L. Red cedarj savin.

_ Pinu_ rlgida, Mill Pitch pine, rough-bark pine.

* Pinus Virglniana, Mill. (P. inop,, AlL) Scrub pine, spruce pine, hemlock pine-

Pinus eehlnata, Mill (P. mit/s, )[ichx.) Yellow pine, smooth-bark pine.

* Pinus strobns, L. White pine.

T,,uga Canaden.ds (L.), Carr. (Abla_ Canade_is, Michx.) Hemlock spruce.
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GEOGRAPHICAL DISTRIBUTION OF TREES IN THE 80UTHERN

INTERIOR OF NEW JERSEY.

Owing to the physical conditions of the Southern Interior the sylva

is peculiar.. The geographical distribution of trees is dependent upon
a great variety of conditions. There are agents of dissemination and

harriers of much and little importance. The species that can over-
come these hindrances with the least difficulty predominate. In

order to explain, therefore, the distribution of trees in South Jersey

a knowledge of the barriers, of the ability of the trees to overcome

these barriers, and of the agents of dissemination is necessary. All
this embraced under the general phrase of" forest conditions," is.

necessary in order t6 devise a rational local system of forest regula-
tion.

Trees are usually distributed by winds and currents of water, and

by animals and man. Fruits are usully supplied with attachments
in the form of wings or with bright colors and sweet juices to aid in

their dissemination. The principal barriers are unsuitable climatic,

soil, and moisture condition% ravages of fire, animals, especially in-

sects and cattle, parasitic plants, mainly fungi, man, and the conten-

tion with other plants which have gained, or are striving to gain,
possession of the soil. On the upland of the Southern Interior the

distribution of trees is mainly the result of years of careless cutting

and burning. The original forest cover has practically disappeared
and a large percentage of what remains is in a poor condition. The.

choicest timber on the upland was yellow pine (Pinu_ eeMnulu).

Only several small patches of this virgin pine remain, the finest of

which is at Inskipps, on the road to the Blue Hole from Winslow.

Another beautiful grove may be seen at Jenkins Neck, and other.
clumps have been left in protected spots. It is known to woodmen

as the smooth-bark pine.

The rough-bark or pitch pine (Pin_ rigida ) not long ago was the

dominating forest tree. The adaptability of the species is remarkable.

It iscommon on the driestuplands,where othertreesperish,but

grows much largerina shortertimein the deepestswamps. The

growth ofthispineillustratesa pointwhich explainsthedistribution

of treesin many places.A speciesgrows where itmeetswith the

leastopposition.Itisnot preference_butendurance. The redcedar

(Juniperus Vir_dnlana), for instance, in South Jersey, grows in dry
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fields, while in the Southern States it is common in swamps. The
quality of the timber also depends upon the location of the tree.
Upland pitch pine is full of resin and is fit only for rough work and
cordwood. Swamp pitch pine is lighter, more durable, and is in
demand for planks and logs. It is claimed that the red cedar which
grows on the beaches of South Jersey is much more durable than
that which grows on the maiulaud.

It is a fact worthy of notice in this connection that the white pine
Pinu8 strobus) is usually associated with rather rocky uplands. The

only place in South Jersey, in the knowledge of the writer, where it
grows in the forest is in Manahawkiu swamp. It has been much
cut, but a number of large trees remain. They overtop the cedars
and other trees of the swamp and have grown with remarkable
rapidity. Stumps twenty, five inches in diameter average about fifty
annual rings.

The spruce pine (Pinna Virginiana ) is abundant in West Jersey,
on gravelly ridges. Small clumps and single trees are scattered
sparingly through the Southern Interior.

According to the leading botanists, the habitats of the piues which
grow in South Jersey are as follows : Pinna Virginlana, "dry, sandy
or g_avelly ridges;" Pinna eehinata_ "sandy or light clayey soil;"
Pinu_ rigida, "sandy, barren soil;" and 1_inus strobus, "rocky up-
]and." In South Jersey Pinus rlgida and Pinna sirobus grow the
be_t in deep swamps ; Pinna eehinata in light, loamy soil, and Pinna
l%binlana on gravelly ridges.

The pitch pine is disappe_iug. It is a common ohservation that
oak follows pine. This is the result of cutting and burning with no
attention to regeneration. Shoots spring up from the collar of the

stump of a burnt or cut pine. These come from dormant buds, and
when a few inches high they wither and die. The smaller the stump,
however, the more vigorous the shoots. There is practically no
second growth to Jersey pine. A pine stump is soon invaded by
several kinds of insects which eat the inner bark and outer wood.

Even eggs are deposited in the soft young shoots. The bark of the
stump thickens in places, pitch exudes and the scions die. Finally,
the stump is devoured so that a shell of bark alone remains. Oak,
on the other hand, produces a vigorous second growth. In almost
every pine woods there are a few oaks. The ground is often seeded
by _ouirreis nod other animals. When the pines are cut, these sup-
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pressed oaks, with ineress&l sunshine and no opposition, grow rapidly.
Oak, with its vigorous second growth, supplants the pine in places
where the soil and moisture conditions are suitable. The majority of

plants when asexually reproduced degenerate in the course of time.
The oak has much vitality in this respect, but an oak from the stump
is inferior to an oak from the seed. The light-winged pine seeds,
though freely scattered by the wind, are easily burnt by passing fires
and the second growth soon withers and dies, so that the days of our
pines are numbered unless cared for by the forester.

The question of regeneration, next to that of fires, is the one which
needs attention throughout the whole of 8outh Jersey. It is the
work of the forester to protect the weakest, if a valuable species.
Weak valuable trees are often overwhelmed by hardy worthless
kinds. The white cedar, for instance, is often replaced by swamp

maple, magnolia, sour gum and the like.
The oaks which have followed the pines are striving for a foot-

hold against fire and carelesscutting. The weaker specieswill perish.
Scrub oaks and bushes will soon alone remain, and finally even these
will die, and a shady wood, inhabited by a great variety of creatures,
will become a lifeless desert. It is not necessary to imagine this.
Such, in fact, is the condition of a large area in Burlington and
Ocean counties. Owing to fires the pines are black and dead, the
ground is white and bare and living things are remarkably scarce.

If fires are stopped, natural recuperation begins, and in the course
of years by slow stages forest conditions are established. It begins
with lichens, grasses and low heaths. Seeds of pioneer trees, such as
the conifers, are accidentally carried. It is, nevertheless, a matter of
chance. By aiding nature in overcoming these barriers reforestation
can be hastened. The soil of the Southern Interior recuperates

slowly.
Fieldsin SouthJerseywhenabandonedsoonbecomecoveredwith

Indian grass, the light seeds of which are sown by the wind. If a

pinewoodsisnear,manyyoungpinesappear,withhereand therea
red cedar, the seeds of which are disseminated by birds which feed
upon its fruit. The red cedar is usually scattered along fences, and
owing to the density of its evergreen foliage breaks the force of the
wind and shields the field.

The difference in the rate of growth between pines which come up
in an abandoned field and in a region which has been burnt over is
very noticeable.
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Now and then in the woods, usually'among the oaks, a hickory
may be seen.

The chestnut grows well in the Southern Interior, but is scarce,
owing to fires. It still grows wild, as at "Chestnut" neck, where it
was once abundant.

There is little oak of value left on the upland. In or near villages
in protected localities large specimens may still be seen. Jersey up-
land oak has been cut many times, although still called "second
growth." It is now mainly used for cordwood. Post oak (Quercus
z_inor), black oak (Quercu8 t/actor/a), white oak (_r_ alba),
chestnut oak ( Quercu_ prinus), Spanish oak (Quercu_ ¢uneata), red
oak (Quercu_ rubra), black.jack (_hwrcss nigra) and scarlet oak
(Quercuscocoinea)areallusedforfuel.The scruboak (Qsercus
iliclfo[ia)iscommon,butisof littleuse. The uplandoak,owingto
firesand continualcutting,hasdegenerated.Hybridsand irregular
formsarecommon.

Althoughfrequentalongstreetsandarounddwellings,oneseldom
finds the buttonwood (Pla_anus oesidentalis) in the woods. This is
probably the iargsst tree that grows in the Eastern United States.
It is claimed by many that they sometimes rival in size the giants
of California and Australia. There are several beautiful specimens
in the cultivated regions of New Jersey.

There are few elm and ash trees in South Jersey. The catalpa,
lindens, ailanthus, poplars, locusts, maples (excepting the swamp
maple) and mulberrys have been planted, but have not gained a foot-
hold in the forest.

The haphazard introduction of foreign trees is attended with danger.
It is difficult to predict the effect of bringing an exotic tree into a new
environment. We can recommend the following trees for planting :
White cedar (Cham_cypari_ thyoldes), yellow pine (Pinu_ echlnata),
white pine (Pinus strobus),chestnut (Ca_bzn_ satlva, vat. Americana),
white oak (Quercss alba) and swamp white oak (_uercu_ blsolor).
There areno doubt many trees and shrubs growing in the South which
would thrive in South Jersey.

The wild cherry (Prunes sero_iza) is common in fields, the seeds
of which have been carried by birds. This tree is in ill-repute with
farmers because, it is claimed, it exhausts an undue amount of the
soil. Crops in the region of a wild cherry tree are ve_ noticeably
affected.
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The red cedar (Junipe_s Virginlana) seldom grows in the woods
.of the Southern Interior but is common in the fields. The presence
_f these trees in fallow fields is usually attributed to the fact that they
can endure dry, sandy soils better than other species. It is mainly a
matter of chance, however, whether the pines or cedars get dissemi-
nated first. One is dependent upon the winds, the other upon birds.
This tree is very seriously affected in South Jersey by a peculiar fun°
gus (Oymnosporangium maoropus), commonly called '<cedar apples."
This heterceeious parasite summers on the leaves of the apple. The
cedars on the beaches are slightly, if at all, affected by this fungus.

The Lombardy poplar (Populus fastigiuta), a native of Asia, once
so common around old dwellings, is rapidly losing its hold, owing, it
is claimed, to the fact that only trees of one sex were introduced into

this country, the male and female flowers being on separate trees.
This is an interesting example of the effects of long-continued asexual
reproduction.

The common locust (Robinia pseudaoac/a), a native of our South-
west, is a tree which yields a very valuable wood and grows under
adverse conditions, but is much affected by the ravages of a borer

which causes the limbs to die, so that the tree presents a very straggly
appearance.

The ailanthus (Ailanthus glandulosus), a native of Asia, was once

much planted along streets and in barren soils, but is generally dis-
liked on account of the disagreeable odor of its flowers. The male
and female flowers are on separate trees, and this objection ann there-
fore be avoided by planting only the female tree, the flowers of which

are odorless. The wood is more valuable than is usually supposed.

THE PLAINS.

In Burlington and Ocean counties there are two remarkable areas
known as the East and West Plains.* The "trees" which grow there
seldom exceed four or five feet in height. The growth is usually
much shorter. A large percentage of the territory is covered with
bushes about a foot high. In places the surfaceis almost bare. Low

pitch pines {-Plnus rigida), scrub oaks, and black,iack, laurel (Katmla
latifolia) uva-ursi (Arctosbaph_/losu_a.ursi), arbutus (.E'pigcrxtrepens)_
and other heaths grow there. Even the pyxie (PHzidanthera bar-
bulata), which is usually found in damp lowlands, is not uncommon.

*See Plate X[. for location.

I
I !

i_
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In the sloughs grasses, several kinds of bushes, swamp mapIes an@

white cedars grow. On the East Plains a sassafras is the highest
tree. It is about fifteen feet high. The pitch pine is most abundant.
It is mainly a weak, degenerated second growth. The stumps just
under the ground are much bunched and full of resin ; above ground
they are often knobbed by insects. They are called "she-pines:' by
the natives and bear a large number of prickly cones.

The laurel (Kalmia lati[olla) is the most vigorous plant on the
plains. It is a beautiful evergreen shrub growing higher than the
surrounding pines. It often reaches the dimensions of a tree in our
swamps but is of remarkably slow growth. It is a valuable under-
brush owing to its ability to endure to a remarkable extent fire, dry-
ness and other adverse conditions, although it thrives in swampy_
regions.

The East Plains are located just southwest of Cedar Grove. They
contain 6,669. acres. The West Plains arc just northwest of Cedar
Grove and contain 7,737 acres. They are separated by the east
branch of Wading river. They are almost wholly in Burlington
county and are almost north and south instead of east and west oI
each other.

The Plains are hilly, the hills varying in height from 100 to 105,
feet. This territory is an important part of the water.shed of South
Jersey. Many streams rise in the sloughs along their edges. In
several places the bordersof the plains are sharply marked, but mostly
they grade indistinctly into the surrounding territory.

A farmer on the edge of what are called the Little Plains, which.
arc really a part vf the West Plains, has cleared a patch for cultiva-
tion and seems confident that crops will grow there in its present
condition. It is likely that more berries and sweet potatoes can be.
produced than timber trees. It is often the case that land unfit for
other crops will grow trees, and often land unfit for trees will grow
other crops. The same farmer, however, dug several maples from the
swamp and planted them on the Little Plains. They grew until
killed by fires. The white cedar which lines the small branches that
run into the Plains looks fresh and thrifty. At Cedar Grove, in the-

valley between these Plains, trees grow without difficulty and the soil
is productive.

On the phlns the surface-soil is white sand, the subsoil a clayey
loam and gravel at varying depths, generally within one or two feet_
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of the surface. The subsoil is quite hard, rendering the penetration
by roots difficult. In many places a hardpan of iron ore has formed,
or is forming. In other places there are beds of clay.

The results of the chemical examination of the soil of the Plains

are not disooursglng. Owing to the absence of disintegrating rock,
and leaching due to rains beating on the barren surface, a lack of
soluble inorganic substances is expected. A dearth of these sub-
stances in the soil is, however, probably in itself insufficient to prevent
the growth of trees.

Two specimens of the surface-soil of the Plains and two from the
surrounding territory where trees of fair size are growing were
analyzed. These examinations seem to indicate that the difficulty is
not a chemical one. According to the following analyses the soil is
certainly rich enough to support a good forest growth :

Surface soil of edge of
Surface Eoilof Plains. Plains where trees are growing.

Iqo. L NO.2. No. 8. No. 4,

_itrogen ....................... 0.00 0.03 ..............

Phosphoric acid ............... 0.17 0.19 0.02 O.01
Potash ........................... 0.05 002 ..............

Lime ............................ 0.06 0.02 ..............

Silica_ insol .................... 96.40 96.95 97.60 97.28
Alumina ........................ 1.15 0.28 ..............

Ferlic oxide .................... 0.40 0.20 ............

Ferrous oxide .................. 1.26 1.06 ..............

Magnesia. ....................... 0.04 0.02 ..............

Trees which are not second growth on the Plains seem to reach a
certain size and then die. The tope perish first, presenting an appear-
ance which is often called "stag.headed" or "top-dry." This is a
condition which is ueually due to a lack of water, or, owing to the
nature of the soil, the roots are unable to perform their proper
functions.

The Plains have been burnt over many times. Being considered
worthless, fire3have had their way. There are stumpe and now and
then dead trunks of trees of larger size than those growing there
to-day. Much of the pine is at present about twelve years old.

This peculiar territory is probably caused by a combination of
barriers. :Destructivefires must be rauked first. These have burnt

the seeds, produced a worthless second growth, destroyed surface
mulch, exposed the soil to the beating force of the rain and the dry-

17
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tug effect of the winds. Next comes an obstinate subsoil, which
prevents the penetration of roots, and finally a lack of moisture, due
to a lack of forest cover and to the hillinees of the country.

It is impossible to tell whether the Plains have ever supported a
forest growth of considerable size. It is the testimony of tradition
that trees have never grown there. The belief is also paramount
that trees will not grow there. Owing to fires, there are regions in
all grades of condition, some of which in Ocean county are already
in as bad a state as the Plalns.

The Forked river mountain region is little, if any, better than the
Plains. Perhaps the Plains once supported a growth similar to that
which may now be seen on high, gravelly ridges where no fires have
burnt. It is likely, also, that by stopping fires and reseeding to a
certain extent with a species which can endure adverse conditions a
growth can be produced in the course of time which, even if unsuc-
cessful in the produetion of merchantable timber, will have a bene-
ficial influence in regulating the supply of water in the streams which
rise in the slongbe along their edges.

These wind-swept,sun-scerchod Plains, and the contiguous territory,
embracing the heads of streams which flow into both the Delaware
and the ocean, are well fitted for a reservation. They are, at present,
useless except to land speculators and pine-knot gatherers. Their
proper improvement is beyond the power of individuals. As an
object lesson and a benefit to the surrounding territory, especially to
the bogs, which demand a regular flow of water, no better spot for a
reservation could be selected in the Southern Interior of New Jersey.

The ref,_restation of such areas is a slow and difficult process.
Considerable experimentation is necessary before conclusions are war-
ranted. The first and most important questions are what and how to
plant. The first step is, of course, to stop fires, which is a simple
matter in such a region, owing to the meagerness of the growth, so
that a good undergrowth can establish itself. Economic shrubs, such
as the laurel and sumac, grow well on the Plains. Several legumin-
ous plants have been recommended,owing to the rapid way in which
they enrich the soil. In the lowlands, where there is no hardpan,
willows and white cedars will grow. Conifers are most suitable for
planting on dry uplands for at least two reasons--first, they furnish
a dense e._verthroughout the year, and, second, they can endure with
from one-sixth to one-tenth the amount of water required by deciduous
trees.
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SWAMP LAND,

A very large amount of the Southern Interior of New Jersey is
_wamp land, semi-swamp land, savanna-land and cripple. Low,
_graesyareas are called "savannas," and low, bushy areas "cripples."

The most important tree in the lowlands is the white cedar
(Cham_parls _hyoldea). From the accumulation of cedar logs in
the beds of many swamps it is safe to call it a native tree. There is
nothing more characteristicof the region than swamps of cedar. It
grows in dense masses along fresh-water streams. It is becoming
scarce owing to the value of the lumber, lack of attention to regen-
eration and demand for the bottom for cranberry bogs.

When a cedar swamp is cut, the kind of trees which follows depends
upon several conditions. If the ground is seeded with gum, maple
and the like, the cedar loses its hold. If the bottom is not well
seeded with other trees and the surrounding cedar is in fruit it may
come up in cedar. It must be borne in mind also that the year, as
well as the time of year, has its influence, since to trees there are
vegetative and reproductive periods. The cedar is usually a prolific
_eed.bearer. Its small, winged seeds are disseminated by the wind.
It fruits when very young. It is not uncommon to find a white
cedar three feet high in fruit.

When a swamp bottom is burnt it often comes up in white cedar
as even and dense as a field of wheat, while a swamp which has been
cut and not burnt over produces a great variety of swamp trees.
Although a common observation, this is more or less of accidental
occurrence. A swamp bottom is usually well _eeded with a variety
of trees and shrubs, the seeds of which have been carried there in a
variety of ways. A fire destroys these seeds and forms a soil on the
surface of the muck. If this occurs when the cedar is in fruit, its

light seeds are sown by the wind and cedar soon abundantly appears.
There are thousands of acres of land in South Jersey where the

cedar will grow with little care, but owing to brush and other less
valuable trees it is unable to establish itself. There is a small but
thrifty swamp in Atlantic county which originated in this way : Three
cedars were planted in a meadow. Other trees were not allowed to
grow. Soon the ground was seeded and a mass of young cedar ap°
peared. The trees are now fit for timber aud the three originals may
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plainly be seen above the rest of the swamp. After the stopping of
fires the regeneration of white cedar deserves attention.

In many low regions white birch is coming in large quantities. It
never grows to a very large size in South Jersey. It is used to some
extent for umbrella handles and canes. The river birch is also not
uncommon.

Willows are not plentiful in South Jersey although there is much
land adapted to their cultivation. They are mainly disseminated by
the wind. The branches which are snapped off by winds and rush-
ing water easily take root iu swampy places.

The hardwood swamps usually contain maples (Acer rubrum), bil-
sted (f-Jqnldambar st_raoifl_a), tupelo (Nyssa sylvatica), and brswster
(Magnolia glauoa), with swamp huckleberry, swamp sumac and other
bushes. In several localities there are swamps characterized by a
great variety of species. In Griscom's swamp, between the Tuekahoo

and Great Egg Harbor rivers, large beeches and tulip trees are grow-
ing, also swamp white oak (Q_ercus blcolor), white oak, black oak,
chestnut oak, willow oak (Quercu8 phellos), bilsted, brewster, birch,
holly, sassafras, tupelo, swamp maple, pitch pine and white cedar.
Willow oak and bilsted are plentiful in Cape May and Atlantic
counties. This swamp is the only place in South Jersey known to

the writer where the swamp-white-oak is abundant. It is a mag-
nificent tree and deserves to be planted in low regions. Manahawkin
swamp resembles Griseom's in the variety of its trees. It contain%
however, a large amount of white cedar, also white pine, which ha_
not grown in Griseom's.

The_e are good examples of the condition of the original swamps
of _ew Jersey. They have not been seriously affected by fire. It
is remarkable, however, to find beech and tulip trees on the ocean
side of Few Jersey separated from the beech-svd-iuliptree country
by a broad stretch of pine land. The writer believes that the
chestnut, beech, tulip and other trees were once well distributed
throughout the region, but owing to their inability to stand fire and
owing to the demand for certain kinds of timber, the species able to
endure fire the longest and the useless species have increased accord-
ingly. The selection of the best from the forest, even if the trees
which are cut are of a large size, will cause it to deteriorate in the
course of time if no attention is paid to the young tress which follow.
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8AVAI_NA "LAIRD.

There are many acres of _avanna-land in South Jersey. The true
_avnnua_consiste of sloughs covered with a variety of grasses, with
knolls or ridges where scragged pitch pines grow. These sloughs are
underlain near the surface by a layer of bog-iron ore. On the knolls
the soil is deeper, so that trees can gain a footing. In many cases
the tap.root of the pine has been unable to penetratethe soil to sup-
port the tree and this topples over in consequence. The reforestation
_'f such a territory seems almost hopeless. Willows however would
probably grow there.

The presence of iron in solution is not detrimental to tree growth,
in fact a certain amount of iron is nece_sery. Experiment shows
_,.hatin the absenceof iron no coloring matter is formed in the leaves.

Vegetation is a potent geological agent in the formationof bog ore,
which in turn is an ei_eetivebarrier to the growth of tre_s. The in-
.soluble red coloring matter in the soil of South Jersey is ferric oxide,

which by a series of chemical changes through the agency of decom-
posing organic matter is washed out and deposited in bogs, where it
_cemantssand and gravel into an obstinate hardpan.

There are three kinds of savanna-lands in South Jersey, due to as
many causes. The first is the true savanna produced by a hardpan.
The second embraces grassy areas due to an excess of water. They
are usually fringed, where the water is less abundant, by bushes,
mainly cassandra, called "prim" by the natives, and huckleberry.
The formation of such places is illustrated in the preparation of cran-
4_errybogs. The place intended fora bog is banked and flooded. In
the course of a couple of years, all the vegetation except water grass
is killed. Few trees can grow in an excess of water. The physic-
.logical changes in the roots demand an abundant supply of oxygen.

A kind of savanna is produced by fires in swampy regions. Trees
•and bushes are killed, while the condition of the grass is actually im-
proved by fire. It has been customary for many years in some
countries to burn the grass to improve its condition, thus killing or
preventing the growth of trees for the sake of a few cattle. Burn-
ing, together with the ravages of cattle, is au_clent to account for
vast areas of grassy land, especially where the soil is not very favor-

able to tree-growth. The burning of eavanna-]ands is still practised
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to a slight extent in South Jersey. In such areas charred stumps are
sufficient to indicate that a forest once grew there.

Savanna-land formed by fire and cattle, or even by an excess of
water, will recover in the course of time. In places where land i*
scarce and labor cheap, bog ore has been broken so that trees may
gain a footing. In limestone and other rocky regions the organic-
acids emitted by the roots of plants and decaying vegetable matter
aid in the decomposition of the rock, but a territory underlain witb_
an impervious layer of bog ore seems hopeless. The writer helieves_
however, that the growing of willows and the swamp huckleberry i_
such regions to be worthy a trial.

THE SALT MAIISHES.

The salt marshes on the bay and ocean sides of the Southern In-
terior are of interest from a forestry standpoint because of their'tree-
lsssness. Although soft and fertile, the presence of brine is an ettect-
ire barrier to all our common species of trees. Here again the
grasses, sedges and a few other low herbs are alone able to endure.
When banked and sluiced these marshes freshen. Such a soil woul&

be well fitted for growing the white cedar and willows.

THE BEACHES.

The distribution of trees on the beaches of South Jersey is peculiar.
There the forest has not suffered seriously from the effects of fire_
The soil is a fine, moist sand in which, provided other conditions are
favorable, trees grow rapidly. The fact that there is a little larger
rainfall, and that the climate is generally more moist and equable than
in the Southern Interior, may account in part for the vigorous growth
of trees along the shore. The marshes have acted also, no doubt, as
barrier in preventing the spread of seeds from the mainland by winds,
since a large msjority of the trees which grow there are those which
are usually distributed by birds. The forest suffers from the e_ects
of strong winds and moving sands. Inland the trees bend toward
the east, owing to the prevailing west winds, but along the shore
they lean toward the west, owing to strong sea-breezes during the
period of growth. The principal trees are the red cedar, the holly_
the tupelo, magnolia, wild cherry, hackberry, sassafras, and swami>
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maple. Oaks and a few pines may also be found. Red cedar and
holly are the predominating trees. Holly reaches a very large size
on these beaches. In the woods on Seven-Mile beach the red mul-

berry is growing. On this beach the effects of drifting sand are well
illustrated.

When the tide falls the sand dries on the surface and is blown in-

land. Dunes arc formed, some of which are thirty or forty feet in

height. Behind these dunes is a dense forest, semi-tropical in nature.
The sand blast trims the tops of the trees near the edge of the moving
dune as flat as though cut with shears. The movement of these dunes
is peculiar. • They are not hurled in large masses, at irregular inter-
vals, by strong winds. The sand, ground to powder by the waves,
when damp is solid and immovable, but any sunny day when a sea-
breeze is blowing, dried by the sun and wind, it flies over the surface
like fine drifting snow and falls over the edge of the dune, slowly but
surely killing the forest before it. The trees prevent the wind from
blowing back the sand. The formation and movement of these
beaches along the Jersey coast and the part played by these forests in
aiding or preventing that movement is a question of much interest,
deserving more attention than it has yet received. Along the Bis-
eayan shores in France, in Denmark and elsewhere, drifting sands
have been stopped by sowing reeds, grasses and the like.

Many trees on these beaches have died prematurely. This is often
due to sand drifting around their roots. One may dig and waves
may wash a large quantity of earth from the roots of a tree and it
will llve, but fill in, often only a few inches, and it perishes in con-

sequence. This has often been noticed in grading lots. The supply
of air to the roots is probably thus affected.

On Five-Mile beach there are no dunes of consequence, but a dense

forest and many peculiar growths. Holly there disports itself like a
member of the fig family. It is not uncommon to find two hollies
grown together, or a limb of one grown fast to another holly, or one
limb uniting with another limb of the same tree or joining the trunk
to form the so.called "jug handles." In one instance two hollies are
embracing and slowly killing a red cedar, several of the dead limbs
of which have been surrounded by the trunks of the hollies. Here

are countless examples of tree contention. The limbs of the hollies
are matted and zigzag. The trees are full of limb-holes, favorite

nesting-places for flickers, which, with the robins, are potent agents
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of tree distrlbution. The forest at one time was very dense and the
underbrush a mass of green briars.

This condition is probably due to a combination of causes. Vigor
and density of growth are due to a mild, moist climate and a soft,
moist soil. Strong winds and the work of cattle accouot, no doubt,

in part, for the close, jagged growths which are common there. Cat-
fie, for many years, ran wild on these islands. The last were shot
only a few years ago. Even the prickly leaves of the holly are eaten
by hungry cattle, limbs of considerable slza are pulled down ahd
broken eft. Trees which they do not eat are injured when young by
being broken and crushed.

The part played by mankind in effeeting the distribution of trees
and the conditions of our forests and their environment is of course

paramount. In few places is it better illustrated than in parts of
South Jersey. Man is st one time an effective barrier and again a
potent agent of distribution. The results of hie reckless prodigality
are everywhere visible. With little thought of posterity our woods
have been treated in a shameful manner. Although the principal
industries once depended upon the woods, regeneration of depleted
areas has received but little attention. This must be overcome by
the education of the coming generation in the rudiments of forestry,
and effortsare now in progress in that direction by the formation of
associations and the distribution of literature on the subject. Although
trees have been planted and groves protected by the better element

of society, fires caused by malleiousuess and carelessness have done
damage which will require years of patient work to repair. After
yeare of such negligence the State owes those territories which have
thua been impoverished a certain amount of protection. All that our
woods need is simply common-canoe treatment. It can be expressed
in two short phrases--the prevention of fires and the judicious use
of the axe.

CAUSES, EFFECTS AiqD PREVENTIOIq 0F FOREST FIRES,

Fire is the main cause of forest deterioration and of the general

impoverished condition of a large part of the Southern Interior of
New Jersey. There are few stretches of woodland in this region
which have not been more or le_ damaged in that way.

The causes of forest fires may be classified as follows : Incendiaries,
careless individuals, locomotives and lightning. Professor Cook_ in
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an article in the Fifteenth Annual Report of the State Board of Agri-

,culture, says : "The causes of these fires are various. Those given
"forthe fifty-four fires of the census year (1880) are as follows : Clear-

_ng land, seven; locomotives, twenty-eight; hunters, six; malice,

seven ; coal-pits, six." He estimated that the area burnt over during

Chat year amounted to not less than 128,000 acres.
The most serious fires are usually those which are purposely set.

.An incendiary bent upon mischief waits until the wood is dry and
_the wind in the desired direction. There arc usually two motives

Iback of incendiarism--first, individual gain at the expense of another ;

second, revenge.
A few years ago it was not uncommon for colliers to fire a wood in

order to buy it cheaply. The charred wood is then only fit for char-

coal. Owing to the decline of the charcoal industry and the abund-
ance of charred wood in the forests, this is not practiced at present.

In speaking of this in the article above referred to, Professor Cook

says : "Many fires no doubt start from coslings, and it is common to

.hear the belief expressed that some of these are started intentionally,

in order to keep the ccalers and wood-choppers at work, since timber
.burned over must be cut at once, whereas it would otherwise be left

.to grow and increase in value. Those can_ed through malice often
_are the result of punishing or holding under surveillance of timber
¢hleves, by no means udcommon in the pine forests."

Fires were set in meadowy regions to improve the grass for cattle.

_avanna-lands are still burnt for that purpose where cattle are turned
into the woods.

It is claimed that berry-pickers set fire to huckleberry bushes to

improve the berry crop. In a couple of years the young growth
which follows bears larger and finer berries. Wood thieves, it is

said, set fire to the brush and stumps to prevent detection. There are

many people living in the woods of the Southern Interior who own

no woodland, but who gain a livelihood in a variety of ways out of
woods which belong to other people. They are mostly berry-pickers,

hunters and wood.choppers.

Fires are set out of spite. If a backwoodsman thinks himself

wronged by a woodland owner, he often "gets even" in a dastardly

way by touching a match to his woods. It is certain that for a variety

of such purposes fires are set. Such fires do much damage, and such
_eople are difficult to convict. It is this discouraging uncertainty
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which has prevented many improvements in the woods of South
Jersey. Woodland-owners during forest-fire season feel insecure, ex-
pecting a fire at any moment. The firemay be set to injurean enemy,
the wind may suddenly change and the result is difficult to predict.
Several fires in Atlantic county were set last season in the same region
several nights in sucee_ion.

Second in importance are fires set by careless individuals. In
clearing land fires escape from burning brush. A large foreig_
element has come to South Jersey to clear farms. This increasesthe
danger while the land is being cleared; later these cleared areas wil}
act as fire-breaks. Tramps, hunters and boys with camp-fires, lightect
gun-weds, cigars and cigarettes cause many fires.

Locomotives are also often blamed. It is certain that many fires
have been set by sparks from the stack and hot coals from the grate.
The majority of the roads are using some care. On some coad_
engineers have been cautioned, safety.strlpe have been cleared and,
in one instance furrows have been ploughed along the road, and
section men usually endeavor to put out the fires when caused by the
locomotives. If engineers are careful, if the spark-arrsster is not_
withdrawn or poked with holes, if coals are dumped only in p]ace_
prepared for that purpose, if safety-strips are cleared and furrow_
ploughed along the road, and if section men are watchful and willing_
there is little danger from that source. It i_ certain that some rail-
roads are using more precautionsat present than woodland-owner_
themselves.

Although not common, fires have been set by lightning. Certaiz_
species and solitary trees are more apt to be struck than others.
There are several indications that a disastrous fire was set last sum-

mer in South Jersey by lightning which struck a solitary tree in
field of dry grass.

The amount of damage depends, of course, upon the severity of the
fire, which in turn depends upon the dryness of the wood, the force
of the wind, the time of year, the kind of trees and the nature of the
underbrush and soil. Often everything above ground is killed_
The charred boles of hundreds of tree3 fall and rot in the woods. In

low ground, after a fire, fresh green underbrush appears, but high
land recovers slowly, often remaining bare for many years.

There i_ danger from fires about six months of the year. They
are very destructive during the high winds in the spring, when there
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is little sap in the wood. Dry leaves cover the ground and many
cling to the low oaks.

Often large pine tress appear to be but slightly affected by a groundt
fire which burns the underbrush and leaves on the surface. Bark

is a non-conductor of heat, but if the cambium, the active part of the

tree just beneath the bark, is affected, the tree dies. Even then, if it
happens in the spring, the tree appears to be re_vering. Dormant
buds in the trunk sprout and fresh green leaves are formed. It is-
better to cut such trees, since they soon die. When the starchy mat-
ter in the trunk is exhausted these sprouts wither and die_the tree

is invaded by insects, rots and topples over. Even a pitch pine log,.
if cut in winter, sends out fresh shoots from dormant eyes in the
spring. Even if the tree itself is not directly injured by fire, its.
supply of nutriment and moisture" is affected by burning the under-
growth.

The burning of underbrush has been advocated as a sort of remedy
for the prevention of fires. Some have suggested cutting down the-
underbrush and trimming the trees. Such work would be expensive_.
would do no good and in the end would be detrimental to the forest.
Underbrush, in many places, is essential. It must, however, be the
proper kind of underbrush. We would recommend some economical
shrub. It is true that underbrush smothers young trees, but this is-

not a serious difficulty in properly-cared-for forests. The amount ot
mineral matter which a tree absorbs is insignificant. Water is the
essential element. Iu checking evaporation and retarding the flJw,

undergrowth is often neceesary. Oa the removal of natural litter
and undergrowth from a young forest the trees become sickly and
unable to resist the inroads of parasites. In old pine woods on

upland there is often little underbrush. The ground is covered with
a thin layer of pine leaves. In the finest virgin-pine forest (Pinu_-
echlnata) in South Jersey, where no fires have burnt and no trees
have been cut for many years, there is a dense underwood, the chest-
nut oak predominating.

Stump-holes are common in pine woods. When a pine tree is cut
or burnt the stump decays and a hole of considerable size, with many
ramifications, is formed. The ground is often riddled with such
holes from suppressed trees. These drain the water from the surface_
This, together with the slight shade of pines and the lack of under-

NEW JERSEY GEOLOGICAL SURVEY



268 ANNUAL REPORT OF

brash, accounts for the dryness of the soil and atmosphere of a pine
woods.

The question of underbrush in relation to the trees and soils of
_outh Jersey needs to be carefully studied ; there is every reason for
believing, nevertheless, that the proper kind of undergrowth is
_esded in the woods of this region.

The effects of forest fires may be classified as follows : Destruction
_f timber and other property, extermination of valuable species, im-
tmverishment of soil and destruction of seeds and game.

The destruction of timber, cranberry bogs, and even dwellings,
although it amounts to many thousands of dollars in the course of a
few years, is probably insignificant compared with the damage con-
sequent upon this, which is beyond calculation. Were we to allow
only the small sum of fifty cents damage to the acre, during the last
_ive years the loss amounts to not less than $300,000. In refer-
ring to the damage done in l_ew Jersey by fires in 1880, Prof.
Cook says : 'CAlarge amount of cedar swamp was destroyed by these
_]rss, and $10 per acre would not more than cover the direct damage
to timber, making the loss for this year $1,280,000j nearly equal to
the total value of the annual lumber production of the State. On
the whole, the loss in timber from forest fires in the State, on a low
.estimate, has averaged $1,000,000 per year for the last fifteen or
twenty years."

Since one species of trees is affected more than others, a kind of
eelsetion continues, which accounts for the peculiar distribution of
trees in certain parts of South Jersey. Thick.bark trees and trees

which produce a vigorous second growth survive the longest. Pitch
pines and oal_, therefore, predominate in South Jersey, while in
isolated positions, protected from fires, a great variety of trees may
be found. Certain plants, although covered with a thick bark_contain
substances in the form of resins, oils and waxes which are inflam-
mable. Others contain substances which have a tendency to quench
_ires. The sowing of such plants along safety lines has been sug-
gssted to prevent the slow but destructive ground fires.

The white cedar, the most valuable timber tree in South Jersey,
and oneofthechoicestsoftwoodsofAmerica,althoughgrowingin

wetswamps,isoftenseriouslydamagedby fire.The heat,although
itmay notburn,isoftensufficienttokillthecedar.Inunusually-dry
•zcatherfiresburnformany daysinthebedoftheswamp,destroying
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in a short time what has been ages in accumulating. It is often
necessary to dig deep trenches in order to check its headway. For
fear of fire, cedar is cut when fit only for rails, hop-poles and laths*

The most serious damage is done to the soil. Were it not for
forest cover a large part of South Jersey would be a bed of shifting
sands. Destroy that forest cover by incessant burning and such
condition can easily be produced.

In a dense forest the leaves and wood which accumulate on the

surface are subjected to peculiar changes. In that material are con-
tained the inorganic substances which the roots have absorbed from
the deeper layers of the soil. Evaporation is prevented by the shacie,
so that this surface material retains the moisture. By the action of

countless organisms this surface covering is converted into humus.
Besides other inorganic substances of use to plant-growth, according
to researchesof Franklaod and others, bacteria are continually pro-
ducing nitrates, the essential of which is the element nitrogen, which,
is an important part of all living matter. Farmers are therefore
accurate when they claim that fire"cooks" the "life" out of a sandy"
soil. The organic matter in the surface soil is often entirely burnt.

According to Storer, "within porous soils nitrates are donbtlea_
formed rather freely, and, as is well known, the nitrates are easily
washed out from soils, and are liable to go to waste after every raid
that is long continued. They are, in fact, leached out of the soil,
and the manure from which they came rapidly wastes away, It is
said to be a matter of old and familiar observation in Germany, that
in sandy regions in seasons that are particularly wet the soil may
finally be so thorougly leached that it becomes unfruitful." When we
consider the facts that nitrates are easily washed out of the soil, that
they are essential to plant-growth, and that they are continually pro-
duced during the period of growth from humus by the action of
nitrifying bacteria, we can appreciate the damage to light soils by fire.

When a forest is cut the young suppressed trees at once assert
themselves, and the seeds on the surface quickly germinate and some
kind of forest soon follows. But when a fire passes through a woo_

the seeds are burnt, the undergrowth killed, the soil impoverished,
and the land must remain unseeded until the winds or birds or ma_

have disseminated a fresh supply of seeds over the surface.
Some seeds are more seriously damaged than others. Light, winge_
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kinds are, of course, quickly destroyed, while hcavy, thick-coated
kinds may sink into the soil and escape.

There are som_ interesting plants known as fire weeds, especially
.Epiloblum a_gustifollum , which come up in abundance in burnt
regions. One can often locate the site of an old coalpit by a mass of
this plant. It is not likely that the seeds have endured the heat, but

upon fresh seeding by the wind it is the first species able to endure
the conditions produced by a fire.

According to the statements of several seamen the smoke from
forest fires last summer occasioned such a fog along our coast as
seriouslytoimpedenavigation.
Many animalsarealsodestroyed.It isnot uncommon to see

many of thesmalleranimalschasedby a fire.By preservingthe
forest,theanimalsdependentuponitsfruitsarepreservedalso.The
birdsarevaluableagentsof distribution.Many a beautifulwcod
owes itsbeginningtoseedsaccidentallydroppedby birds.They
alsodestroymany of theinsectswhich aredestructiveto woods.
Even thefieldand shorebirdsseekshelterin theforest.Cedar

_wamps arefavoritenesting-placesfora greatvarietyof birds.The
protectionof forestandgame go handinhand,and thework ofthe
forestwardenandthegame wardencanbeprofitablycombined.:For
thesakeof wildgame many beautifulforestshave beenpreserved.
Thesereservations,wheregame can breedunmolested,arevaluable
nucleiforthestockingof thesurroundingterritorywithgame,and
forthespreadingof seeds.Animalssoonlearnof and flockto
placeswheretheycan reproduceinsafety.Many birdsduringthe
fiercefiresinthespringof theyear,many of whichoriginatefrom
thepreparationoflandforplanting,arecookedinthenest.
No improvementintheforestconditionsofacountryispossibleas

longasfiresareallowedtoburnwithoutanysystematicpreventive
measures.With no assuranceswhateveragainstincendiariesand
individualsguiltyof criminalcarelessness,theownersof woodland
areatthemercyofchance.Wood isusuallycutinconsequencejust
as soonas thereisa marketofanykind. Propertyin thetownsis
oftenendangered.Capitalistshesitatetoinvestinwoodlandunder
suchconditions.

The totalareaburnedoverinSouthJerseyduringthepastseason
amountstonotlessthan197,000acres.
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The moot important fires since last spring have burnt approxi-
_nately as follows :

No. 1 began at Wading river; probably incendiary; burnt five
dwellings, one cranberry bog, injured many cedar swamps and practi-
.cally destroyed the young timber on 125,000 acres. It would be
impossible to calculate the damage which thls fire occasioned. It pro-
duced a great deal of anxiety and several individuals barely escaped
an awful death. In one instance a man's whiskers were burnt off and
holes were burnt in the blanket with which he covered his horse.

In another instance, while carrying his sick wife to a place of safety
in the center of a field, a man's house and all other possessionswere
<lestroyed, including $100 in cash. These are only two of many such
instances. The region over which it burnt in Ocean and Burlington
• ounties will be many years in recovering.

No. 2 began at Woodmansie; probably set by lightning; burned
_ver an area of about 25,000 acres.

No. 3 began at McKeetown; escaped from a very careless work-
man ; destroyed one dwelling, injured several cedar swamps and cov-
ered an area of about 12,000 acres. This workman was burning
brush. He left the fire to eat his dinner. A passer.by saw the dan-
ger and warned hlm. The warning was not heeded and a very fierce
fire was the result. In such a careless way many of the fires in

South Jersey originate.
No. 4 was probably set by a freight train on the road to Port Nor-

ris. It burned over an area of about 10,000 acres. The following
editorial concerning this fireis copied from the "New Jersey Patriot,"
,_f Bridgeton, for April 20th, 1894 :

"The freight train on the road to Port Norris set fire to the woods
near Dividing Creek station on Wednesday morning. Though it
would have required but little effort to extinguish the flames at first,
the high wind prevailing soon fanned them into a fury which a thou-
sand men eould not have stayed.

"The wind swept it toward this city. Centre Grove was almost
in the direct line of the fire, but a branch of the headwaters of Buck-
shutem creek checked the flames and caused them to pass both south
and west of the Centre Grove neighborhood. The fire was now
making rapid progress and swept on to the east and north of Lum-
mis Mill toward the road from this city to Buekshutem. It crossed
the road just this side of what is now known as the iron bridge and
ncarly five miles out from Bridgeton. From there it burued on both
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sides of the road to what is known as the old Burlington roadj lead-
ing from Fairton to Gouldtewn.

"It continued across nearly to the Millville turnpike, but fortu-
nately the wind died away later in the evening and at last the progress
of the most serious fire ever in that particular part of the county was
stayed.

"All through the day heavy clouds of smoke arose from the fire,
and occasionally, when the fire would strike a piece of pine timber,
the smoke would become much more dense. Hundreds of our citl-
zeus drove out to witness the fire, which, in the evening, presented n
grand sight, and until late in the evening many walked out. In all,
many thousands of acres of land were burned over, the firs having
extended over an area of some ten or eleven miles in length and
probable average of two miles in width.

"Within its boundaries was much valuable sapling timber and
much wood that had been cut for the market. We hear of two or
three small houses that were burned and of several others in smal_
clearings that were only saved by earnest and long-continued efforts.

"The aggregate damage was many thousands of dollars, though it
is simply impossible to give an intelligent estimate of the extent of
the lees.

"Since the advent of the locomotives, and through the carslessness
of those burning brush in clearing lands, owners of timber lands are
in constant danger of loss by fires, in addition to which the use of
coal ell for fuel has caused a depreciation in the demand for wood.
These causes combined caused bushland to become of but little value
for growing for the general market."

Hundreds of other fires which have occurred recently throughout
South Jersey are but a repetition of the same story. Incendiaries,
tramps, railroads, &c., caused several smaller fires, burning over, in
all, not less than 25,000 acres more.

PREVENTION.

If a fire breaks out it is seldom noticed until of considerable size.

The owner of the land induces a few men to help him fight it. A/ire
often burns for some time, owing to the fact that fighters cannot be
had. Many refuse to fight in the daytime. They wait until evening,
when the firs is smouldering. Many fighters do more harm than
good. These men are generally not paid. Often they are allowed
to cut the dead wood. When this is refused, the landowner is con-

sidered mean and often has difficulty afterwards in finding fighters.
When allowed to cut dead wood, the privilege is often abu_d. When
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_his barrier, it could be rendered effectual by a little back.firing. If
_his could be supplemented by a forest police of perhaps one mounted
man to each 30,000 acres, making the whole annual cost not more
than four cents per acre, much would be accomplished toward prevent-
ing forest fires, which now cause an average loss of sixty.seven cents
per acre for the whole of the pine country. But it must also be
remembered that a large amount is now annually expended in fruit-
lessly fighting fires, after they have become irresistible from the
.extent of their front."

If this excellent advice had been heeded soon after it was written,

8oath Jersey would have bean a very different country in appearance
and condition from what it is to-day.

FOREST INFLUENCES.

The effect of forests on temperature and rainfall is a much-mooted

question. No one has yet been able to prove that the general tem-

perature or rainfall is affected by forests. Like a small body of water

or a meadow, a forest has its local influence. A series of investiga-
tions were begun, endeavoring to ascertain the effect of forests on our

local climate. It is a problem which is well-nigh insolvable. Boxes

were arranged in pairs, six feet from the ground. One pair was

located on the high land at an altitude of thirty feat, the other pair in
the low land at an altitude of five feet. One of the first pair was

located in a pine woods, the other in the open about 500 feat from
it. One of the second pair was located in a small, dense cedar

swamp, the other in a meadow about 300 feet away. The highest

and lowest temperatures during every twenty-four hours were re-

corded for six months, beginning August 12th, 1894. The results

of the_e investigations were not altogether satisfactory. They were

begun in order to verify, if possible, the current belief that a cedar

swamp is considerably cooler in summer end warmer in winter than
other woods or open, and that a pine wood is warmer in winter than

the surrounding open or deciduous woods. It has been noticed by

woodmen that a cedar swamp bottom freezes only in the severest

weather. Being evergreen and dense, the cedars break the wind in

winter; and being located in soil full of springs, they are warmer
than the upland. Coming from deeper in the earth, spring-water is

apt to he cooler in summer and warmer in winhr than surfaea-water.

NEW JERSEY GEOLOGICAL SURVEY



276 ANNUAL REPORT OF

°_

'mnralxBmo_oav _ N ._.

Z 'mnmiUlU_O_u_AV _ _ _

e z =_ _N

=n "mnux_u_mo_,xaAV _ _ _

_! _i_

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 277

The mildness of the pines in winter is probably due to the dryness
,of the atmosphere and to the protection afforded by their evergreen
foliage. Further investigations on this subject are, of course, neces-
sary before conclusions are warranted.

It is more than likely that a forest cover indirectly affects the
climate to considerable extent in the following way : When a sandy
_oil is exposed to the direct rays of the sun the moisture at once
evaporates and the sand becomes unbearably hot in summer. This
heats the air immediately over it, which rises in consequence and is
.replaced by cooler air, which in turn is heated.

The effect of forests on the precipitation of moisture is as difficult

"toprove as the effect on temperature. It is a common belief in South
Jersey, and in common beliefs there is usually a grain of truth, that
cedar swamps attract a shower. Several persons observed that more
rain fell last summer in swampy regions than on the sandy upland.
More than one season's observations are necessary, however, to prove
that this is of general occurrence. There is one thing certain in this
connection--that although forests may hot actually cause the precipi-
tation of rain, they do not prevent it, which cannot be said of a dry,
_saudy area.

As a windbreak the forest exerts a very beneficial influence, and
the effects of masses of trees on the condition of the soil and the
glow of water cannot be doubted.

The recuperative effects of forests on soils have already been
referred to. In sandy soils they prevent shifting and leaching. Soils
•are kept in a soft, porous condition by a protective covering of
"vegetablematter. Compacting due to the beating of rain is prevented,
and roots and rootlets not only loosen the soil but add organic matter
to it by their decay.

The influence of forests on water-flow is probably not so great as
"isbelieved by some. The forest no doubt acts as a sponge, but just
as soon as this sponge is saturated the excess flows off: A large
amount of this moisture passes again into the atmosphere through
the leaves. Erosion is prevented by a forest cover, since the count-
less rootlets of a tree bind the soil and retard the flow. The quantity
of moisture which flows to the sea i_ probably the same as it ever was
in South Jersey, excepting that the fl#w is irregular.

In South Jersey, the cultivation of the cranberryis an important
_ndustry. A stream of considerable size flows through every ira-
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portant bog. It is often necessaryto flood these bogs on short notice.
The water_therefore, must be under perfect control. The water-
supply and the forest-cover (especially the cedar swamps) upon which"
it depends for its regularity are growing in importance to cranberry
cultivators. Cedar swamps are natural reservoirs of water producing
a natural irrigation. They areusually located in the region of sprlngs_
The bottom of the swamp is usually covered with bog-mosses and
litter. These bog-mosses are noted for their ability to hold water.
In the Southern Interior there are many streams the water of which
is remarkably pure. A "branch" or "run" in percolating through
theseswamps dividesintomany streamletsand thewaterbecomes
chargedwithhumiematterwhichcolorsittheshadeof amber,but
whichinno way damagesitfordrinkingpurposes.The softnessof
thiswaterisremarkableandtheamountofsoapsavedin usingitis
considerable.

Much couldbe saidof thesanitaryinfluenceof thepines.The
protectiontheyaffordagainstwindandsunandotherextremesmust
bebeneficialtohealth.The forestsoilcontainsmany organisms,few
of which,however,areinanyway pathogenic.The atmosphereand
soilofsandypineregionsaredry. Thereisa peculiarmildnessto
theatmosphereofSouthJersey,butwhetherthisisdue tothesoil,
thepines_theswamp laud,or a combinationoftheseisindeeda
question.No doubtoneof themostbeneficialinfluencesof a forest
isin preventingtheformationand disseminationof dust. Aside
fromthebeautyoftreesarounddwellingstheydo a greatservic%
especially in cities, in this way, since septic organisms are usually
car_od on minuteparticlesof matterthroughtheair.
Were SouthJerseycoveredwitha beautifulgrowthofpines,such.

aswereabundanthalfa centuryago,hundredsoftouristswouldflock
toitinwinter.The incomefromthatsourcealonewould probably
amounttoasmuch asthetimberitwouldyieldwouldbeworth. As.

itis,onegetsa veryunfavorableimpressionofthecountryin croes-
ingin thecarstothe sea,mainlybesaucetheforestshave been
destroyedby firesand carelesscutting.

FORESTECONOMICS.

That the Southern Interior is especially adapted to the growing of

wood crops, owing to the favorable nature of the soil and climate, is a
fact worthy of much emphasis. The nearness to a good market_ if
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not at present, will sometime make the growing of wood and other
forest products paying industries. Transportation by small crafts is
facilitated by many bays and thoroughfares along the shore, and by
many navigable streams which penetrate far into the Southern Inte-
rior._ A tree is long in growing and the investment is for such a
time that the preservation and economical management of forests
seem beyond the power of private efl'orts,aiming rather at the pro-
motion of the interests of the coming generation than at the profits of
the present. As the population increases, the quantity and uses of
forest products, owing to the progress of discovery, increase accord-
ingly.

It is recognized the world over by the best authorities that a forest
serves at least three purposes : 1, of beauty, of special value to those
regions receiving revenues from tourists and invalids ; 2, of regu-
lating the water-flow and improving the soil, o£ paramount import-
ance to agricultural as well as to other regions ; and 3, of yielding
useful materials.

To the forester and the lumberman the first two purposes are sub-

sidiary to the third. It must be borne in mind that the main differ-
ence between a forester and a lumberman is in the manner of using
the axe and saw. One ctits carelessly; the other according to method.
One is endeavoring to get every cent possible out of the forest at
once ; the other must content himself with a smaller and slower but
perpetual income.

When a tree reaches a certainstage in its growth it is ready to cut
and use, unless of special historic or other interest. It is wasteful
and even detrimental to a forest to let trees mature, topple over and

decay. An amount equal to the increment, and not the principal,
should be cut.

On another page the planting of the white cedar, the white pine,
the white oak, the swamp white oak and the chestnut is recom-
mended. The red cedar, although common throughout South Jersey,
in fact the tree of widest distribution in the United States, approaches

perfection only in the mild and humid atmosphereof the Gulf States
--that is, produces in the shortest time the largest amount of the best
quality of wood of its kind ; the white cedar, on the other hand_ in
the Southern Interior of lgew Jersey, finds a very suitable environ-
ment, producing a wood which has few, if any, equals among the soft

I woods of America.
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The white cedar trece in the maj _rity of the swamps have a fresh,
healthy appearance. They suffer very little from the effects of insects
or fungi. The damage thus caused, from an economical standpoint,

is hardly worth considering. Its wood is clean, light, easily wor_ed,
durable, sweet scented and quickly seasoned. There is a mere line
of pith and the bark is tough, close and fibrous. A very large pro-
portion of the trunk is heart.wood.

In an article in the "New Jersey Forester" for March, on the
wood of the white cedar, Mr. F. Roth, an authority on woods, says :

"Perhaps no other wood in the market seasons so rapidly and per-
fectly as white cedar. Neither warping nor checking need be feared
and almost any temperature may be employed. In lightness it is
surpassed by none of the woods in Eastern markets, and in its well-
grown form it equals, if not excels, even the choicest _pumpkin'
variety of the white pine, and is thus well fitted for a thousand and
one uses. '_

It is the principal wood for general purposes in South Jersey. It
is used for the parts of buildings exposed to the weather, mainly
weatherboards and shingles. It is a favorite material for fences,
although not so suitable for posts as red asdar and locust. It is
white in color when fresh, but becomes a peculiar gray in the course
of years. The wood is much used in boat and tank construction.
From the slabs excelsior tow is often made, and in the Southern

States, but not in New Jersey, it is much used for the manufacture of
pails and hollow ware.

The white cedar tree when properly cared for is a rapid and vigor-
ous grower. The swamt_ are usually entirely too dense. A large
proportion of the trees are suppressed. The cedar is a surfaee-rootsr,
one tree supporting another, so that thinning at the proper time is
necessary, otherwise when a few are cut others fall in every direction.
Cutting the underbrush and removing the bog mosses are detrimental
to the growth of the tree.

The bed of a cedar swamp is a maSS of humus. The bottom is
covered with ferns, bog-mossss and the like. L_gs are often buried
in this mass of material several feet below the surface. Many claim
that more cedar is under than above ground st present in South
Jersey.

The following concerning these buried logs is copied from the
"Geology of _ew Jersey," 1868, p. 360:
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chestnut is certainly one of the most useful and beautiful of trces_
and since it thrives in South Jersey, deserves to be planted, especially
along streets, although it is much clubbed and disfigured by boy_
while in fruit.

The walnut (Yugla_a nlgra) is a valuable tree for its wood and
nuts. Although associated with rich woods, it grows rapidly in the
light, loamy soils of South Jersey. Several very handsome speci-
mens may be seen in At]antlc and Cape May counties.

The Madeira nut, or English walnut (Jugla_s regla), is a native of"
Persia, but will grow in light, moist soil in this climate. The value
of its nuts is well known, and there is every reason for believing that.
it can very profitably be cultivated in South Jersey.

The hazelnut is rare in South Jersey, although it is a profitable
underwood. It was plauted around Calico and Old Martha, in Bur-
lington county, in the woods where it is still found growing ann_
fruiting.

The pecan (Carya ollvceformis)will grow in South Jersey, hut i_
cultivation so far north has not proved suso_ssful.

Much could be said of the minor forest products oi South Jersey,
which, although gathered in small quantities by many individuals,.
areby no means of minor impertance. Employment is thus furnishe_
to many backwoodsmen, who help themselves to whatever they can
find of such a nature in the woods.

Scattered in pine woods are "fat-pine knots." These were gathered.
during the civil war to supply the demand for tar. A kiln was built
in the ground, into which these knots were put. By firing the top-
the tar oozed outand trickled down into vessels placed ready to receive
it. Such an industry would not pay to-day ; it was profitable only"
during the war, when the Southern supply was interrupted.

These knots are valuable, however, for kindling, and when slivere(_
and bundled will sell in large cities.

In Europe the cultivation of the basket willow is an important
industry. There is no better plant for holding soil in places expose(_
to washing along fresh-water streams. It can be easily propagate&
and grows rapidly.

The wood of the willow is more valuable than is usually supposed.
It holds a nail tenaciously, and although soft, is firm. The wood oft
the white willow in England is used for many purposes, especially im
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the manufacture of cricket bats. The wood of the black willow has

been used to considerable extent by ship-builders in South Jersey.
Mr. H. Sabsovich, superintendent of the Baron de Hirsch colony

at Woodbine, has been experimenting with basket willows. He re-
ports that he has grown them very successfully on land practically
_nfit for other purposes. The willow has been grown along the
Delaware for charcoal.

Market.baskets are made from the wood of the sweet gum (Liquid-
4zmbar styraoiflu,a). The log is sawed into pieces of the proper length
:and each is cut into thin circular sheets. When the sticks get too
small in circumference to be conveniently cut, they are sold for rollers.
The bottoms of the baskets are usually of pine.

Many claim that the wood of the persimmon is excellent for shut-
tles and spindles. This is no doubt so, since the persimmon belongs
to a famous family in respect to its wood.

The wood of the holly is valuable for the manufacture of fancy
articles.

The wood of the sour gum is used for special purposes. It is
irregularly grained and proverbially tough. It is used for wagon-
hubs, hatters' blocks, malls and the like. It is often turned into
pillars for porches.

Laurel (Kalmla lagifolia), calico bush or spocnwood, is valued for

rustic work. It is used extensively for that purpose in the building
.of fences, summer-houses, benches and the like. The large butts of
the laurel bush, vulgarly known as "nigger.heeds," are much used
in the manufacture of pipes.

Tannin is a material common to many plants. It is yielded by
several species of sumac, mainly the common upland variety which
grows in very dry, sandy fields. The rankest and healthiest speci-
mens noticed by the writer were on gravelly soil in Washington
township of Burlington county. At one time the leaves were gath-
ered in large quantities and powdered by mills in South Jersey. Why
this industry stopped is not known to the writer, but sumac is still
common and tannin much used for a variety of purposes. In Sicily
n species of sumac has been cultivated for many years for that pur-
pose.

Red cedaroll was once extracted in South Jersey. Sassafrasyields
a fragrant oil, which is used to a limited extent, and the aromatic
bark of its root is gathered and sold.
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The hoop-pole industry was important at one time in South Jer-
ssy. Much of the second growth of oak was utilized in that way, but.
owing to the substitution of bags for barrels and iron for wooden,
hoops there is little or no demand at present.

In the bottom of cedar swamps there is a moss called sphagnum,.
which may be considered a forest product. This forms a spongy
mass over the surface sometimes more than a couple of feet in depth.
This material is noted for its ability to hold water and also to undergo.
an extreme amount of drying and still recover. It is used by nur-
serymen for packing purposes. In Ocean county it is baled in bay-
presses and shipped in large quantities. This custom ought to be-
prohibited, at least to a certain extent, since it robs the swamps of a
very valuable material. Cedar swamps are natural reservoirs of"
water, and in this respect the sphagnum plays an important part in
helping to retain it. In very dry weather, owing to the density of"
the foliage above and the mass of sphagnum below, swamps remain,
damp. Moss-gatherers usually help themselves to this material,
wherever they can find it.

The American mistletoe (Phoradendronflavescens) was at one time-
very common in South Jersey. It is a parasite on the sour-gum..
According to some authorities, the red maple is also its host. It.

begins on the branches, moves towards the trunk, gnarls, and finally
kills the tree which supports it. It is becoming scarce, but has been
much gathered, especially at Christmas time, and with holly and
other evergreens is sold in cities.

The flowers of the magnolia (Magnolia 91auea), which scent the_
woods in June, are also a source of revenue.

In many places in South Jersey there are ]argoquantities of young"
birch, also plenty of scrub oak. These are cut in large quantities for
canes and umbrella handles. Holly is used for the same purpose.

The swamp huckleberry is a fruit deserving more attention than it
has ever received. It is a good swamp underwood. It can easily
be cultivated and improved. Huckleberry-pickers break off the-
bushes, since they have noticed that the young wood which follows-
bears a larger quantity of better, flavored berries.

The fruit of the persimmon is often sold in our markets. It is_
sweet and wholesome, but soft and difficult to transport.

Wild grapes, gumberries, beach plums, wild cherries, juniper ber-
ries and the like are all more or less used for wines, pies, jellies, &c.
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There are other products yielded by the small plants which grow in
the woods. Acorns are abundant and are much gathered for swine.

A firm at Vineland has been buying forest leaves for the manu-
facture of linoleum. The success of this venture is not a certainty.
It is mainly an experimental plant.

Many of our common trees and shrubs yield medicines of more or

less value, such as witch hazel, wild cherry, white-oak bark, spice-
wood, &c.

Wood has been sold in South Jersey for the manufacture of pyro-
ligneous acid and alcohol. Pyrolignsous acid is crude acetic acid, the
.essential of vinegar derived from wood by distillation. The time is
no doubt coming when the chemist will utilize what is now destroyed
as waste.

The staghoru sumac (Rhus typhlna) is sometimes called the vine-
gar tree, from the use of its acid fruit in vinegar, while its near
relatives, R. senena_z and R. _oxicodendron, both common in South
Jersey, are to some persons exceedingly poisonous. Rhus tozlcoden-
dron is used to some extent in medicine. _hus typhi_a, which grows
to be a small tree, has been planted to considerable extent in yards in
South Jersey, but is very rare in the woods.

In conclusion, efforts in the following lines are recommended : The
education of the coming generation in the principles of forestry; the
prevention of fires and wood.thieving by proper policing ; the tax-
ation of woodland in proportion to the interest which it yields ; the
reforestation of large areas of waste land by the State; caring for
forests on areas which supply large cities with water; encouraging
settlers to leave wood-lots on their farms ; and the planting of suit-
able trees along streets and roads, in parks, botanic gardens and
around our houses.
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MINERALSTATISTICS.

IRON ORE.

The statistics of production of iron ore in New Jersey in 1894 are
given in the following report of John Birkinbine, of Philadelphia,
_pecial agent of the United States Geological Survey, Division of
Mining Statistics :

_cDEPARTMENT OF THE INTERIOR.

_cUNITED STATES GEOLOGICAL SURVEY,
c_DIVISION OF MINING STATI8TICS AND TECHNOLOGY.

_ PHILADELPHIA, April 23d, 1895.

4,.Prof. J. C. Smock, _tate Geologist. Trenton, _. d'. :
"DFatR SIR--As agreed, I have compiled the figures of the pro-

duction and valuation, &e., of the iron ores of New Jersey for the
mlendar year ending December 31st, 1894, and would make the fol-
lowing report :

"The total amount of iron ore (all of which was of the magnetic
variety) producedduring the year was 277,483 gross tons. The tatal

! valuation of the iron ore produced during the year was $568,056.
This is equivalent to $2.05 per gross ton. The stocks of ore on hand
December 31st, 1893, were 62,038 gross tons. The stocks of ore on
hsnd December 31st, 1894, were 63,317 grcss tons. This would show
that the shipments during the year 1894, amounted to 276,204 gross
tons.

"It may be interesting to you to have a review of the production
_f iron ore in the six years for which we have data in this office
together with the stocks reported on hand at the close of each year,
and the valuation of the iron are production of New Jersey for the
four years in which it was collected. These are set forth in the fol-
lowing table :

_c PRODUCTION, VALUATION AND STOCKS OF IRON ORE IN

NEWJERSEY,1889-1894.
Rank as a Production. Total Valuation Stock 011halld

Years. producer. Grosstons. valuation, per ton. December 81st.
1889 ...... 9th 415_510 $1,341,543 $3.23 94,890
1890 ...... 8th 495,808 /'_ot reported ........ Not reported.
1891 ...... 9th 525,012 _ot reportecl ........ 61,850
1892 ...... 8th 465,455 $1,388,875 2.98 72,390
1893 ...... 9th 356,150 909,458 2.55 62,038
1894 ...... 8th 277,483 508,050 2.05 63,517

(287)
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"It may also be of interest to state that the States which producec_
more iron ore in 1894 than New Jersey were Michigan, Minncsota_
Alabama, Virginia, Pennsylvania, Wisconsin and Tennessee, in the
order named.

"Yours respectfully,
" JNO. BIRKINBINE.

"The 'rank as a producer' shows the position held by New
Jersey among the States which supplied iron ore, based on the quan-
tity mined in each of the years named.

"J. B."

The total shipments of iron ore from New Jersey stations, an_
from mines in the State, reported by the several railway companies
carrying the ore in 1894, with the output of the mines at Oxford
Furnace, which was not included in the railway reports, amounted to
284,787 tons.

The statistics of last year's report are here reprinted :

IRON ORE.

1790 ......... 10,000 tens ........... Morse's estimate.
1830 ......... 20,900 tons ........... Gordon's Gazetteer.
1855 ......... 100,O00 tons ........... Dr. Kitehell's estimate.
1860 ......... 164,900 tons ........... U. S. census.

1864 ......... 226,000 tons ........... Annual Report State Geologist.
1867 ......... 275,067 tons ........... "

1_70 ......... 862,636 tons ........... U. S. census.

1871 ......... 450,(00 tons ........... Annual Report State Geologist.

1872 ......... 660j000 tons ......... "
1873 ......... 668,000 tons ........... "

1874 ......... 528,000 tons ........... " "

1875 ......... 39{_,000 tons ........... "

1876 ......... 285,0C0 tons _...........

1877 ........ 315,000 tons _...........

1878 ......... 409,674 tons ........... "

1879 ......... 488,028 tons ........... " "
1880 ......... 745,000 tons ........... "

1881 ......... 737_032 tons ........... "

1882 ......... 932,762 tons ........... "

1883 ......... 521,416 tons ........... "

1884 ......... 393,710 tons ........... "

1885 ......... 330,000 tons ........... "

1888 ......... 500,501 tons ........... " "

From statistics collected later.
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1887 ......... 547,889 tons ........... Annual Report State Geologist.
1888 ......... 447,738 tons ........... " _
1889 ......... 482,169 tons ........... " " u
1890 ......... 552,996 torts ........... "
1891 ......... 551,858 tons ........... "
1892 ......... 465,455 tons ........... " " "
1893......... 356,150 tons ........... _ " "

ZINC ORE.

The zinc oremined in the State in 1894, reported by the companies
working the mines at Stirling Hill and at Franklin Farnace_ in Sus-
sex county, amounted to 59,382 tons.

The statistics for preceding years are reprinted :

1868 ......... 25,000 tons* ............ Annual Report State Geologist.
1871......... 22,000tons ............ " " "
1873......... 17,_00 tons ............ " " "
1874 ......... 13,500 tons ............ " " "
1878......... 14_467 tons ............ " " "
1879 ......... 21,937 tons ............ "
1880 ......... 28,311 tons ............ " "
1881 ......... 49,178 tons ............ "
1882 ......... 40,138 tons ............ "
1883 ......... 56,085tons............ ¢'
1884 ......... 40,094 tons ............
1885 ......... 38,526 tons ............ "
1886 ......... 48,877 tons ............
1887 ......... 50,226 tons ............ "
1888......... 46,377 tons ............ "
1889 ......... 56,154 tons ............
1890......... 49,818 tons ............ "
189 t ......... 76,032 tons ............ " "
1892 ......... 77,298 tons ............
1893 ......... 55,852 tons ............ "

*Estimated for 1868 and 1871. Statistlc_ for 1873 to 1890, inclusive, are from

reports of the railway companies carrying the ores to market. The reports for 1890,
1891, 1892 and 1893 were from the companies working the mlne_.

19
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PUBLICATIONSOF THE SURVEY.

DISTRIBUTION OF PUBLICATIONS.

The demand for the publications of the Survey has increased
during the past year.

There is a continued call for the topographical maps. The sales
during the last year amounted to _400.

It is the wish of the Board of Managers to complete, as far as
possible, incomplete sets of the publications of the Survey, chiefly
files of the Annual Reports, in public libraries, and librarians are
urged to correspond with the State Geologist concerning this matter.

By the act of 1864 the Board of Managers of the Survey is a
board of publication with power to issue and distribute the publica-
tions as they may be authorized. The Annual Reports of the State
Geologist are printed by order of the Legislature as a part of the
legislative documents. They are distributed largely by members of
the two houses. Extra copies are supplied to the Board of Managers
of the Geological Survey and the State Geologist, who distribute
them to libraries and public institutions, and as far as possible, to any
who may be interested in the subjects of which they treat. Several
of the reports, notably those of 1868, 1873, 1876, 1879, 1880 and
1881, are out of print and can no ]onger be supplied by the office.
The first volume of the Final Report, published in 1888, was mostly
distributed daring the following year, and the demand for it has been
far beyond the supply. The first and second parts of the second
volume have also been distributed to the citizens and schools of the
State, and to others interested in the particular subjects of which they
treat. The third volume is now being distributed from the ot_ce of
the State Geologist. The appended list makes brief mention of all
the publications of the present Survey since its inception in 1864,
with a statement of editions that are now out of print. The publica-
tions of the Survey are, as usual, distributed without further expense
than that of transportation, except in a single instance of the maps,

(291)
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where a fee to cover the cost of paper and printing is charged as
stated.

CATALOGUEOF PUBLICATIONS.

GEOLOGy OF NEW JEDSEY, Newark, 1_o8, 8vo., xxlv.+899 pp. Out of print_

Poa_vCLIO OF blare accompanying the same, as follows :

1. Azclc and paleozoic formations, including the iron ore and limestone districts; colored.
Scale, 2 _3dlos to an thch.

2. Tria._sic fl_rmaIion, including the red sandstone and trap rocks of Central New Jersey ;
coinred. Scale, _ mil_'_ to an inch.

_;. Crvtaccot_ t_rmalion, including the grcenSand.marl beds ; colored. Scale, 2 miles to an
inch.

4. T_.rttary and recent formations of Southern New Jersey; colored. Scale, 2 miles to an
inch.

5. M_ p of a gro'_p of iron mines in Morris county ; printed in two colors. Scale, 3 inches to*
1 mile.

6. Map of the Ringwood iron mines; printed in two colors. Scale, 8 inches to 1 mile.
7. Map of Oxford Furnace iron-ore veins, colored. Scale 8 inches to 1 mile.
_. Msp of the zinc mines, Sussex county, colored. Scale, 8 inches to 1 mlle.

A few copies are undistributed.

REJ'ORT ON ]H_ C_.Ay D_POSlTS of Woodbridge, South Ambey and other places in New

Jersey, together with their uses for fire-brick, pottery, &e. Trenton, 1878, See., viii.%881 pp.,
with map. Out of print.

A PR_:Lr_Ey CATALOOt'_ of the Flora of New Jersey, compiled by N. L. Britton, Ph.D.
New Brunswick, 18Sl, 8co., xL+233 pp. Out of print.

FINAL REPORT Or*"THE STATE GEOLOGIST. VO1. I. Topography. Magnetism. Climate.
Trenton, 1888, bye., xt. +439 pp. Very scarce.

FL_AL R ]EPORTOF TIIE STATE _EOLOGIST. CO1. II* Part L Mineralogy. Botany. Trenton,
1889, _vo., x. ��–�T�pp.

FINAL RzrORT O:-'THE STATE GEOLOGIST. Col. II. Part M. Zoology. Trenton. 1890, Svo.
x. +824 pp.

RETORT 0N WATER-St'PPLy, by Cornelius Clarkson Vermeule. Vcl. III. of the Final Report
of the State Geologist. Trenton, 1894, See., xvL +852 and 96 pp.

BRACHIOPODA AND LA_IELLIBRANCHIATA of the Rarllan Clays and Greensand Marls of New

Jersey, by Robert P. Whitfleld, Trenton, 1886, quea_o, pp. $38, pintos XXXV. and Map. (Paleon-
tology. Vol. I.)

GASTEROFODA AI_D CEPIIALOPODA Of the a_t_n Cla_ and Greensand Marls of New Jersey,
by Robert P. WhRfleld, Trenton, 1892, quarto, pp. 402, plates L. (Paleontology, Vol. IL)

ATLAS OF NEW J_:RSEY, The complete work is made up of twenty sheets, each twenty-seven
by thirty-seven inches_ including margin, intended to fold once across, making the leaves el_

theAtlasl_.!_by27inches. Thelocationand number of each map are given below. Tho_
fr_*m 1 to 17 are on the scale of one mile to an inch.

_vo. i. Kdtatlnny Valley and MauT_ain, f_com Hope to the State line.

2_'o._. Sou_hwe_tern Highla_d_ with the southwest part of Klttatthny valley.
2,'0. _. COrral Higb2ands, including all of Morris county we_t of Boonton, and Sussex south

and eastofNewton.

2,_0./,.Nerthea.sterT_Highta_da,including the country lying between Deckertown, Dover,
Pater son and Snffern.

Ab. 5. I'iri__y of Ftrmingto_bfrom Somerville and Princetonwestward tothe Delaware.

.¥o.6 Tb_ Vail@ ofthePassaic,with the countryeastward to Newark and southward to the
Rarttan river.

b'o, 7.TI_ Cou_,s ofBer_n, Hudson and E_, with partsof Passaicand Union.

.'_b,8. Vic/n/tyof Trrnton,from New Brunswick toBordentown.

_'fo.9.Monmouth _hore,with the interiorfloraMetuchen to Lakewood.

_'o.I0. Vwin/tyof8a_, from Swede_boro and Bridgetonwestward tothe Delaware.

2_'a. IL V/c/n/_p of C_mden, to Burlington, Wthslow, Elmer and Swedesbero.
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